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FIVE NEW 


Large Throat 


GRANULATING 
MACHINES 





PART OF THE COMPLETE LINE OF CUMBERLAND PELLETIZERS, 
BESIDE THE PRESS AND CENTRAL GRANULATING MACHINES, 


DICERS, CHOPPERS AND PRE-BREAKERS 
LARGE THROAT OPENINGS — 12” x 16” 
(Shown above). Also 7” x 10”, 8%” x 12”, 842” x 16”, 12” x 20”, 


CUMBERLAND QUALITY CONSTRUCTED entirely of steel 

PELLETIZING i . . 
MACHINE weldments. Advanced design leaves all working parts readily 

accessible for cleaning and adjustment of knives. 

New feed roll mechanism 

provides better control of 


extruded strands of plastic NEW PERFORMANCE - New knife design and 


moterials Cuts cubes or . loti ° . 
pellets 'i3"' to Yy". 14” and slow rotor rpm provide better granulation and quiet operation. 


24” openings Clean cutting of the complete range of thermoplastic materials 
from softest polyethylene and viny!s to hard and tough nylon, 
Cycolac, and Kralastic. 


MINIMUM FLOOR AREA Desirably compact 


Produces perfect cubes or for central and beside the press applications. 
pellets \.” to 1”. Two 
standard sizes accommodate 
up to 7” and up to 14” 
ribbons 


STAIR STEP DICER 


Write now for literature 


DEPT. 4 - BOX 216, PROVIDENCE 1, RHODE ISLAND 


Direct factory engineering assistance available 
throughout North America from sales offices in 
Oibbestel-saechelel Providence, New York, Cleveland, Chicago and Los Angeles 
SiadenaiieG COMPANY. wee. FOREIGN LICENSEE — BURTONWOOD ENGINEERING COMPANY, LTD. 
Burtonwood, Warrington, Lancashire, England 
Sole Manufacturers and Distributors outside North and South America 
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: =e a VIRGIN MOLDING COMPOUNDS—Viny!, Polyethylene, Acetate, Polystyrene, 
} z Impact Styrene 
> —“COLOR COMPOUNDING SPECIALISTS”—Your orders formulated to exact 
* = color, flow and physical properties specifications 

He “ « REPROCESSED MOLDING COMPOUNDS—Polyethylene, Vinyl, Polystyrene, Ace- 

s tate, Nylon, Acrylics, Impact Styrene, Butyrate 
- "he —“CUT COSTS WITHOUT SACRIFICING QUALITY”—Supplied in uniform, dust 


‘ . < 
a: free pellets .. . perfectly.matched from first bag to last. 


‘ oe "* e RIGID QUALITY CONTROL + COMPETITIVELY PRICED + SPEEDY DELIVERY—no 
»,.’ matter how large your order! Write Us About Your Specific Needs Today! 


Molding Compounds 


Gering Products,4fte., Kenilworth, N.J.- Sales Offices: 5143 Diversey Ave., Chicago 39, Ill. - 424 Chevy Chase Rd., Mansfield, Ohio - 103 Holden St.. Holden. M 35: 




















The shape of things to come, 
come in better shapes because of 


wel vVint 
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and blow formed shapes 


are better because of 
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from PLASTIC MATERIALS INC. 

















A custom service 
evenletettermaetcMeccte 
properties of Virgin Linear 


and regular Polyethylenes, 


plus color, to provide all 
plastics processors with a 
Reo eMee ene evielemeattlectelrece mae 
perform better and cost less. 


i eymjecotetemietiewser-tacee 
on how Poly-blends 
can help you, 
call or write: 
PLASTIC MATERIALS, ane. 


New South Road 
Hicksville L.I., NY. 


Midwest Plant 


THERMO PLASTIC MATERIALS, INC 


2929 North Campbell Avenue 
Chicago, Ill. 
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Another new development using 


B.EGoodrich Chemical - =r: 


FRAME AND 
SASH ARE MADE 
OF GEON— 

no more condensation 


problems 


Frost and condensation problems have 
been licked with this new window made 
with Geon rigid vinyl material. There 
is no moisture prec ipitation, even under 
conditions of 18°F. outside, 74°F. in- 
side, with relative humidity as high 
as 60% 

The frame is predominantly of Geon 
rigid vinyl! with aluminum trim sections; 
sash is »ympletely of Geon. There is no 
pitting, rusting, corroding or warping. 
The window unit can be manufactured 
in colors, or painted to match house 
trim 

There is no metal-to-metal contact 
in the specially designed seal. No pile or 
metal weatherstripping is required. Yet 
these windows can withstand water in- 
filtration tests with pressures equal to 
15 mph winds 

Geon is the remarkable plastic ma- 
terial available in many forms to be- 
come the key to a new or improved 
product. For information, write Dept. 
MIG-1, B. F.Goodrich Chemical Com- 
pany, 3135 Euclid Avenue, Cleveland 
15, Ohio. Cable address: Goodchemco. 
In Canada: Kitchener, Ontario 
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B.F.Goodrich Chemical Company 


a division of fhe B.F.Goodrich Company 


B.EGoodrich GEON polyviny! materials « HYCAR rubber and latex 


GOOD-RITE chemicals and plasticizers *« HARMON colors 
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STOKES MODEL 703 


The new Stokes Model 703 is the first machine 
of 6-ounce capacity to offer truly automatic 
injection molding to producers of larger parts 
such as auto tail lights, radio cases, fountain 
pen barrels, and similar pieces. It provides fast, 
economical production of big parts, yet is 
readily adaptable to smaller parts. 


The 703 takes full advantage of its vertical 
design, combining vertical clamping with hori- 
zontal combing. Degated parts can be ejected 
into chutes, or deposited on a conveyor oriented 
as they were molded. Set-up and change-over 
is easy and quick—floor space is conserved 

the mold is at an efficient working height. 


Ali thermoplastic materials, including nylon, 
can be molded in the 703. An independently 
actuated positive nozzle shut-off prevents 
drooling. It also permits pre-packing the injec- 


Plastics Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 


The Truly Automatic 6-ounce 
Injection Molding Machine 





tion cylinder, precompression of the material 
at high pressure and faster filling. Center-point 
adjustment of the head insures keeping it 
absolutely level, preventing cocking of the 
mold. Automatic lubrication reduces wear and 
insures trouble-free service. Low pressure and 
controlled-speed closing provides greater safety 
to the mold—final clamping is fast, and at 
full pressure. Push-button type valves on the 
gages prolong their life. 


Technical information and application data is 

available. Stokes Engineering Advisory Service 

will assist in the application of the new 703 

to your own production needs. Call—or write 
today. 









SPE JOURNAL, January 











MARLEX 
Discharge Deflector 


® No sharp edges to cut or scrape 

Operator . MAR LEX 

@ Light weight— machine is balanced . Engine Canopy 
for easy handling 

@ Takes a punch! MARLEX deflector 

helps aim discharged material safely 

down away from operator 


@ Does not conduct heat— prevents 
burns 

e Will not discolor from gas, oil or 
heat 

@ Resists shock — protects engine from 
damage 

@ Rigid—keeps out branches when 
trimming, leaves cooling system open. 


MARLEX 
Discharge Chute for 
bagging attachment 


@ Absorbs shock of vacuumed-up ma- 
terial being blown out of machine 

@ Unbreakable— MARLEX con take 
all sorts of punishment. Won't crack, 
rust or corrode 

@ Wears and wears — resists abrasion 
from discharged material 


cr tt ri Se 


7 » ., 
7" » 
wr 


> 
* “* 


New 1959 Toro mowers use MAR LEX’ 


.for lightweight, durable, abrasion-resistant parts 


These new Toro rotary mowers incorporate three Toro truly set the pace in 1959 power mower de- 
MARLEX linear polyethylene components in their sign when they chose MARLEX, the versatile new 
ultra-modern design ... the engine canopy, discharge heavy-duty rigid polyethylene. 

deflector and discharge chute. No other material serves so well and so economically 
During the selection «’ . snaterial for these parts, 


many plastics were tried, but MARLEX was the only serve you? 


in so many different applications. How can MARLEX 


resin that successfully withstood the severe shock- 
. c e . MARLEX COMPONENTS MOLDED BY FLAMBEAU PLASTICS, 
loading and abrasion tests! INC., BARABOO, WISCONSIN. 


PHILLIPS CHEMICAL COMPANY, Bartlesville, Oklahoma 
A subsidiary of Phillips Petroleum Company 


PLASTICS SALES OFFICES 
NEW ENGLAND NEW YORK AKRON CHICAGO WESTERN SOUTHERN 
322 Waterman Avenue 80 Broadway, Suite 4300 318 Water Street 11S. York Street 317 WN. Lake Ave 6010 Sherry Lane 


East Providence 14, 8.1 New York 5. N.Y. Akron 8, Ohio Elmhurst, It Pasadena, Calif Dallas, Texas 
GEneva 4-7600 Digby 4-3480 FRanklin 6-4126 TErrace 4-6600 RYon 1-6997 EMerson 8.1358 * MARLEX is a trademark for 


EXPORT: 80 Sroadwoy, Suite 4300, New York 5, N.Y Phillips family of olefin polymers 
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NEW...REED 


high-speed injection molding machine. 


These revolutionary advantages are 


found only in the JETF LO 


1.3 second dry cycle 

Through its more efficient, faster plasticizing 
and lower molding temperature, the JETFLO 
offers this unusually fast dry cycle. In actual 
production runs the JETFLO has molded thin- 
wall (.012) cups at a 1.7 second moiding cycle. 
During such full automatic operation a low 
pressure die closing system affords complete, 


positive mold protection 


Higher, more uniform product quality 

This is a direct result of JETFLO plasticizing 
which features a hollow screw with an actu- 
ating plunger in its hollow bore. The REED 
JETFLO with the continuous mulling action of 
the screw, lower injection pressure, limited 
plasticizing area and lower, even heating of 
virgin material gives a consistently high prod- 
uct quality and far greater uniformity than 


any machine available today. 


The REED JETFLO pro 


Dry coloring without premixing 

Never before have you been able to obtain 
such complete, uniform color blending without 
time consuming premixing. Dry color is put 
directly into the hopper with the material 
being used. The continuous moving and com- 
pounding throughout the length of the screw 
and against the heated cone baffle results in 
complete color dispersion, uniform product 


coloring and elimination of flow lines. 


Proved savings in material costs 

The REED JETFLO, with its quick and easy 
color blending, also provides you with the 
means to substantially reduce your material 
costs. By using the JETFLO dry coloring method 
you get fast, easy changing of colors and you 
eliminate buying the raw material already 
mixed or the need for extensive premixing, as 


is the case in ordinary molding machines 
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JETFLO 


from Reed-Prentice 





Customer could not run this 9” long rectangular box mold on a The customer had been unable to mold these eye glass frames 
6 oz machine. Had to run it on a 12 oz machine using a 2: using Hard Flow. Was using Medium Hard Flow on a 3 oz ma 
second cycle chine with a 27 second cycle. When inserting lenses in frames 
bg ) yy > J,a* > > > =) > 
JETFLO RESULTS: Material — M. pact Styrene * Cavi 15 to 20% breakage* had been experienced 
ties —2 + Shot Weight — 2.9 oz + Cycle Time —17 se Is (by stor JETFLO RESULTS: Material — Butyrate, clear and copper (Har 
watch) « Average Barrel Temp. —390° + Hyd. Inj. Pressure—‘ P.S.1 Flow) * Cavities—4 Shot Weight —1\ oz + Cycle Time — 14 s: i 
by stop watct * Average Barrel Temp 34 l ‘ tha 
ary machine * Hyd. Inj. Pressure — 550 | 
rt 
} mr REED S les Eng neer has man mn € mold test resu Dor elay ee him loday! 





EAST LONGMEAD 5 ee 
OW. MASSACHUSETTS a pa anak 


BRANCH OFFICES: NEW YORK ~- CHICAGO - BUFFA » DEARBORN + DAYTON + KANSAS CITY - S ANGELES 





Prints of “PORTRAIT IN PLASTICS” available on loan. Addrag mr oducts, Inc., Kingsport, Tennessee. 


Information on “PORTRAIT IN PLASTICS” and bockings of this movie also may be obtained from local representatives listed 
under “Plastics—Tenite” in the classified telephone directories of the following cities: Atlanta, Chicago, Cleveland, Dayton, 
Detroit, Houston, Kansas City, Leominster (Mass.), Los Angeles, New York City, Portland (Ore.), Rochester (N.Y.), St. Louis, 
San Francisco, Seattle and Toronto. Elsewhere throughout the world, from Eastman Kodak Company affiliates and distributors. 











SPI 


Society of 
Plastics Engineers, Inc. 


An international scientific and educa- 
tional organization of more than 6500 
individual members devoted to the de- 
velopment and dissemination of tech- 
nical information in the fields of re- 
search, design, development, produc- 
tion and utilization of plastics materials 
and products. The Society is incorpo- 
rated under the laws of the State of 
Michigan. 


Executive and Business Offices 
65 Prospect St. 
Stamford, Conn. 


Officers of the Society 


R. K. GOSSETT, President 

F. C. SUTRO, JR., Vice-President 
GEORGE W. MARTIN, Secretary 

G. PALMER HUMPHREY, Treasurer 
THOS. A. BISSELL, Executive Secretary 


All correspondence relative to busi- 
ness matters, meetings of the Society, 
membership, advertising and the like, 
should be addressed to the business 
offices listed above. 


Members should notify the business 
offices at least 30 days in advance of 
contemplated changes in address. 


Membership in the Society is avail- 
able to qualified individuals. Inquiries 
— be addressed to the business of- 
ce. 


Membership in the Society is extended 
to individuals who by previous train- 
ing or experience or by present occu- 
pation qualify them to carry out the 
objective of the Society. The privi- 
leges of membership are designed to 
enhance the professional standing 01 
the individual member by encouraging 
participation in scientific and techni- 
cal programs and professional activi- 
ties; by developing close personal 
contacts and acquaintanceship among 
members; and by providing an oppor- 
tunity to administer the local and na- 
tional activities of the Society. 


Neither the Society of Plastics Engi- 
neers, Inc., nor the SPE Journal is 
responsible for the views expressed 
by individual contributors either in 
articles accepted for publication in the 
Journal or in technical papers pre- 
sented at meetings of the Society. 
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_ EDITOR'S NOTEBOOK 
Getting the Most Out of ANTEC 


ANTEC can be a source of new information, new ideas and new 
friends, or it can be a waste of time, depending on what you make 
it. So, in order to find out just what you have to do to get the most 
out of ANTEC, I consulted with SPE members and others who have 
for years found this Conference personally rewarding, as well as 
profitable to their employers. Their advice all boils down to the 
fact that just a little planning will help you get the maximum bene- 
fits. The following are some of the things you should consider, in 
your plans. 


Make a clear statement of why you are going 

Motives vary depending on your job and your interests. You may 
be looking for more information on a particular subject or paper; 
or you may wish to meet a certain speaker, make new contacts, 
meet old friends, exchange ideas on problems, or look for a new 
job. But whatever it is, your motive will determine your schedule. 


Organize your time 

Review the advance program with your superior officer and 
collagues so your plans may be coordinated with those of others 
in your company. A program of the Conference with abstracts of 
the papers to be presented is published in this issue starting with 
page 87. Make a list of sessions and/or paper presentations you 
wish to attend. The presentation of the technical papers at each 
session will be timed so that you can listen to a paper at one 
session then move to a concurrent session in time to hear the com- 
plete presentation of another. Also, make a list of the companies 
and people you wish to contact, Committee meetings you want to 
attend (see page 81), and other functions in which it would be 
desirable to participate. 


Use Conference aids supplied by SPE 

A preprint book of the technical papers to be presented at 
ANTEC is supplied as part of the registration. You should review 
all papers which you plan to hear, and prepare questions on those 
points on which you wish to obtain more information. However, 
the fact that you have read the paper in the preprint book may 
be a poor substitute for attending the presentation. Often the 
speaker’s presentation will contain more recent data or information 
that cannot be published. Also, the discussion following the presen- 
tation will not be published, but it is frequently as valuable as the 
paper itself. Use the cards supplied at the sessions for asking 
questions of the speakers. Use the space provided in the preprint 
book for making notes. There will be a listing of companies reg- 
istered at ANTEC on a bulletin board in the lobby to help you lo- 
cate those people you may wish to contact; and there will be an 
information center open during conference hours to guide you in 


other matters 


Summarize your participation in a report 

Meetings experts unanimously agree that the best way to assure 
that the information you have acquired is put to work promptly is 
by submitting a report to your company. In preparing the report, 
you will gain a more complete understanding of the material. In 
addition, you will have a permanent record for future reference 








Here’s your answer 


to rising costs 


HOW D-M-E STANDARD MOLD BASES CAN KEEP 
YOUR MOLD COSTS DOWN DESPITE RISING 


COSTS OF STEEL, LABOR AND TOOLS 


Whether to make or buy an 
industrial product is one of the 
most important decisions any 
manufacturer continually 
faces. To accurately judge the 
economy in D-M-E Mold Base 
standardization, basic cost 
factors were analyzed dating 
back to the origin of Standard 
Mold Bases by D-M-E over 
15 years ago. The analysis 
is plotted on the graph shown 
below. How these factors af- 
fect the cost of the mold is what 
makes the important differ- 
ence in whether to make or 


buy Standard Mold Bases. 


Since 1944, the cost of steel has 
increased 179°; the hourly 
cost of labor has climbed 158°; 
and the cost of perishable tools 
has gone up 129°%! In the 
same period the net selling 
price of D-M-E Standard 
Mold Bases has increased only 
a fraction of these amounts. 


For the mold builder making 
his own mold bases throughout 
this period, rising steel, labor 
and tool costs are reflected in 


the increased cost of his own 
finished molds. The savings to 
the mold builder who long 
ago. recognized the advan- 
tages of Standard Mold Bases, 
become immediately obvious. 


The company using D-M-E 
Standard Mold Bases today 
not only saves money NOW, 
but can rely on a more stable 
cost factor for anticipated 
mold building programs. At 
the same time investment capi- 
tal is freed for equipment more 
suited to special requirements. 


Why it costs less to buy D-M-E standard mold bases than it does to make your own 
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STEEL COST—Based on actual cost figures for mold steel 
LABOR COST—Based on actual Labor Rate plus Fringe Benefits 
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PERISHABLE TOOL COST—Bosed on actual cost of tools used 


D-M-E MOLD BASES—Based on actual selling price of D-M-E 
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WRITE FOR the April issue of 
the D-M-E News giving complete de- 
tails on “How to reduce mold costs”. 
Or contact D-M-E 
Branch for the 170 page Catalog 
of Standard Mold Bases and Mold- 


makers’ Supplies. Start saving Now! 


your nearest 





(OME 


DETROIT MOLD 
ENGINEERING 
COMPANY 





Contact Your Nearest Branch For Faster Deliveries! 

@ DETROIT: 6686 E. McNichols Rd.—CHICAGO: 5901 W. Division St. 
HILLSIDE, N.J.: 1217 Central Ave. —LOS ANGELES: 3700 S. Main St. 

@ D-M-ECORP., CLEVELAND: 502 Brookpark Rd.—DAYTON: 550 Leo St. 

@ D-M-E of CANADA, TORONTO, ONT.: 156 Norseman Ave. 
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FIBER GLASS REINFORCEMENTS 


HIGH-FIDELITY COLOR SERVICE 


VINYL STABILIZERS 


raw materials 

of absolute purity, uniformity, 
compatibility — to make 

your plastic products better 


and better-looking 


FERRO. CORPORATION 


‘A. company grown big through service. 


= 
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Ferro Fiber Glas 


CONTROMPEGUNIFORMITY 
eng eli uni in wei | 


binfore 
fy 


od 


ie 


A COMPLETE tINE 
In sizing aa st ih. In : UNIFORMAT® . 
i n 3 (anh fiber glass reiftforcing mat 
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UNIFAB® > * 
: : fiber glass reinforcing fabric 
¥ * , 
ofiFor } UNIROVE® es s 
; oo ae ; fiber glass waven foving reinforcement 
ction, fewer rejects. : xf 
‘ é TAPE 
ces; technical assistance, 
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HIGH-FIDELITY COLOR 


Fer’o’s pure and vivid colors are an easy and economical 
way to put snap and sell into your products. A whole 
rainbow to choose from. Plus new Ferro colored Gelcoats. 
Plus new Ferro color Speckles. 

Ferro’s high fidelity color service develops colors, 
matches colors— any colors you want. We lab-check for 
uniformity under production conditions, then 
control-check each color before we ship. 


Save. Use Ferro dry or paste colors to color resins in 
your own plant. No need for expensive equipment. 


We'll help you work out techniques. 


“se, FERRO CORPORATION 


Color Division 
4150 East 56th Street, Cleveland 5, Ohio 


t Bivd., Los Angeles 22, Calif 


Canada) Ltd., Oakville, Ontario 


NEW FERRO SPECKLES 
Produce dramatic star dust color effects, 
opaque or translucent, in styrenes, 
polyethylene, acrylics, polyesters. 


Plants in Argentina, Australia, Brazil, Chile, England, 


France, Holland, Hong Kong, Japan, Mexico outh Africa 





Efficierif’production of top-quality vinyls often 
‘is a direct reflection upon the stabilizers you use. 
When you use the right stabilizer, your vinyl] 
products behave during processing. Your production 
flows more smoothly. And your products endure 

in ac use, so that customers stay sold. 


Ferro’ icaligervice department will gladly 
work with you. Knowing that your processing 
conditions and special requirements are important 
—_ we tailor Ferro Stabilizers exactly to 
‘your needs. That’s why Ferro Stabilizers, from 
our complete line, will do the job you want to do. 


{ERRO CHEMICAL 
ah CORPORATION 
: Psubsidiery of Ferro Corporation 
450 Krick Rd., Bedford, Ohio 
. 
Ferro Viny! Stabilizers are manufactured and distributed 
under exclusive license by: Chemische Werke Munchen, Otto 
| Barlocher G.m.b.H. (Germany); Pure Chemicals Ltd., 
YOURS FREE: Kirkby Industrial Estate, Liverpool, England (Great Britain 
and the continent). 
New Ferro Stabilizer ” 
Handbook includes 
stabilizer recommendations 
plus special probiem 
solving and laboratory 
testing procedures, 
Write for it! 
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OF A SERIES 


The “tuning out” of excessive shake and vibration 
by Oldsmobile engineers produces a comfortable, 
balanced ride that adds thousands of miles to the 
life of an automobile. 

One of the most critical areas of engineering in today’s 
automobile is “ride”. It is critical because an unsatis- 
factory ride means an unsatisfactory automobile. To pro- 
duce an over-all balanced and smooth ride. free from 
harshness and fatiguing vibration, Oldsmobile engineers 
begin the complex task of “tuning” the car in the early 
stages of a new model program. Not only is ride it portant 
from the comfort standpoint. but an improperly “tuned” 
car can literally shake itself apart after several thousand 
miles. 

The tuning operation is a series of intricate tests that 
determine a car's “shake” characteristics—where and how 
much the metal bends and twists. To produce heaming 
and torsional moments. a mechanical oscillator is at 
tached to the frame and vibrates the car in a lrequency 
range of fe. ? to LS cyve les per second. To measure the dis- 


placement of the metal, a velocity pick-up is attached 


OLDSMOBILE > 
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A “SOUND’’ APPROACH TO RIDING COMFORT 


directly to the area under study. As the metal vibrates. 
a signal is produced by the pick-up and is fed to a vibra 
tion meter where it is integrated. The resulting signal is 
then transmitted to an X-¥ plotter that instantly converts 


it into a continuous magnitude-vs.-frequency trace. 


With this valuable information, refining can begin by al 
tering the structure of the various component parts. A 
complex network of infinite variation must be analyzed 
intensively to produce the mark of quality that stamps 


every Oldsmobile. 


Over the years. Oldsmobile’s reputation for quality manu 
facturing and precision engineering has grown, step by 
step. until today it is a car of recognized distinction—in 
a class by itself. Oldsmobile’s durability and long service 
life is further attested to by its continued leadership in 
resale value. You owe it to yourself to first examine. then 
test-drive. a truly outstanding automobile—the 1959 Olds 
mobile. Visit your Local Authorized Oldsmobile Quality 
Dealer as soon as possible. 


OLDSMOBILE DIVISION, GENERAL MOTORS CORPORATION 


Pioneer in Progressive Engineering 
...Famous for Quality Manufacturing 
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Write today for your illustrated brochure 
giving complete engineering data on the 
full line of Egan Extruders. 

Learn about the superiority of the 
Willert Temperature Control System. 


RANK W. EGAN & COMPANY 
SOMERVILLE, NEW JERSEY 
CABLE ADDRESS: EGANCO—SOMERVILLE (NJER) 


Ma:ufacturers of plastics extruders, dies, take-offs, and other accessories 


REPRESENTATIVES: MEXICO, D.F.-M.H. GOTTFRIED, AVENIDA 16 DE SEPTIEMBRE; JAPAN-CHUGAI 
BOYEKI CO., TOKYO. LICENSEE: GREAT BRITAIN-BONE BROS. LTD., WEMBLEY, MIDDLESEX. 
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Reactive Po l ym er-fo rm ing Intermediate 
now amply available at an attractive price 


NATIONAL CAPROLAGTAM 


Best known as the monomer of Nylon 6, €-Capro- 
lactam should be increasingly useful as a building 
block for new organic chemicals. Already very 
substantial product development research is being 
based on this unique 6-carbon compound. But its 
reactivity and polymer-forming possibilities are yet 
to be fully exploited. 

We have recently expanded our production of 
€-Caprolactam at our Hopewell, Va. plant to more 
than sixty million pounds per year. We can there- 
fore give you the benefits of assured supply at an 
attractive price. 

WRITE FOR TECHNICAL BULLETIN |! 

To help in exploring new uses, we have prepared a 
1 2-page bulletin giving complete properties, known 
chemical reactions and uses as well as a compre- 
hensive bibliography. Of course your copy will be 
sent without obligation. 


Hiteye, 
hemical 


NATIONAL ANILINE 
DIVISION 


40 Rector Street, New York 6, N. ¥ 


Atlente Boston Charlotte hettencoge «Chicago §=—- Greensboro 
los Angeles Philadelphia Portland, Ore. Providence San Francisco 
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Please send me a copy of 
TECHNICAL BULLETIN I-14 
NAME 

COMPANY 


ADDRESS 





SMD-3500 
free-flowing polystyrene compound 
f both excellent moldability 
1 fast set-up. Along with low bulk 
factor, this material provides good 
electrical, mechanical and optical 
perties. Widely used for inject 


rmpa-6000 


f npact, rubber-modified poly 
tyrene with low bulk factor, free 
w and quick set-up. lzod impact 
trength is as much as 5 times that 


of ge purpose styrene 
TMDA-9S001 . 


Good flow and fast set-up are com 
bined in this medium-impact, rubber 
nodified polystyrene. Surface gloss 

1 translucency are excellent 
Widely used for car closures and 





r fainer 








RMD-4511 


Possesses exceptional resistance to 
chemicals and high heat, as well as 
unusual flexural and tensile strength 
properties. These make this acry 
lonitrile-styrene copolymer idea! for 
surface hardness, dimensiona! stabil- 
ity and rigidity in service 





TMDB-S5161 


In addition to a high heat distortion 
point, this high-impact, rubber- 
modified polystyrene affords superior 
mechanical strength and good elec 
trical properties. An outstanding 
material for radio cabinets and simi 
lar applications. Molds with good flow 
and release; set-up is fast; surface 
gloss is superior; colors are excellent. 








TMDB-2155 


® rubber-modified polystyrene with 
extra-high impact strength even at 
temperatures of —25° C. Strongest 
rubber-modified styrene on the mar- 
ket today! Molding properties are 
excellent; ease of flow at molding 
temperatures; fast cycles; good mold 
release; and a minimum of strains 
and weld lines. 





Which 
styrene 


would 


you choose 


for this 


product? 





“BAKELITE” PLASTICS 


BRAND 
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THE PRODUCT: 

Domestic food waste disposer encased in a sound- 
deadening, molded plastic shell. Designed by Waste 
King Corporation, this “Super Hush” model is quieter 
—lighter, easier to install—combines attractive colors 
with durability. Molded by Industrial Molding Corp., 
Culver City, Calif. and Modern Plastic Co., Los 
Angeles, Calif. 


THE PROBLEM: 

Pick a plastic which affords ease of molding to the 
“sculptured” design desired. In addition, provide for 
chemical inertness, resistance to heat, and excellence 
of color and lustre. Above all, provide for durability 
in service with properties of high impact strength. 


THE SOLUTION... 

to this manufacturing probl mis inthe wide selection 
of BAkeLire Brand Polystyrenes. If you selected 
TMDB-5161 as your choice for this “Waste King” 
Pulverator you matched up properties to performance 
requirements exactly as countless of fabricators are 
doing every day with Bakevrre Brand Plastics 


For the right styrene to meet your needs exactly, 
discover the full range of Bakevire Brand compounds, 
And, to assist you in your selection, call on the services 
of your Bakelite Company Technical Representative 
—or write Dept. 1C-29G. 


In addition to the styrene molding materials described at left, 
Bakelite Company provides for your selection these others: 
SMD-3000 (unmodified heat-resistant Styrene) 
SMD-3700 (high-flow Styrene for containers) 
RMD-4500 (hiah-clarity Acrylonitrile-Styrene) 








VINYLS ¢ EPOXIES ¢ STYRENES 
C-11 STYRENES ¢ PHENOLICS 
POLYETHYLENES * IMPACT STYRENES 


Products of Pet Nctz{iejsi Corporation 


BAKELITE COMPANY, Division of Union Carbide Corporation, 30 East 42nd Street, New York 17, N, ¥. 
In Canada: BAKELITE COMPANY. Division of Union Carbide Canada Limited, loronto 7, Ort. 


The terms BAKELITE and Union Cansibe are registered trade-marks of UCC. 
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Cc 
these thhermat ic 


POOL extruder 


features mean higher production on every job! 


Simplified one piece 
cylinder with 
integrally cast-in 
Xalloy liner 





New stronger head 
clamp. Simplified 
opening and closing of 
head with positive 
safety shear pin 
arrangement. 


Improved hinged head 
support swings 
completely clear of 
the front of the 
extruder. 





Heaters and 
controllers completely 
wired for fast 
inexpensive 
installation. 





Damper arrangement 
provides several 
gradients of natural 
draft cooling 
Blowers provide high 
circulation for 
stubborn cooling jobs 





Extra large capacity 
stainless steel 
hoppers. 








Air-tight oven effect 
adjustment by new 
second set of dampers 
for high temperature 
extrusion. 





Screw flight extends 
back beyond the feed 
throat opening for 
improved powder and 
granule feeding. 


Access opening allows 
easy replacement of 
bronze feed throat 
bushing. 





Four-spline screw 
drive eliminates the 
eccentric screw 
rotation of a single 
key drive. 


Labyrinth oil seals — 
simple non-wearing 
design. No oil seals 
or rings to replace. 





Helical gearing — 
smooth, efficient, 
free-running. Greatly 
increased horse- 
power Capacity. 





Higher thrust bearing 
capacity. Extra-heavy 
separate thrust and 
radial bearings handle 
their respective loads 
individually to meet 
constantly increasing 
production 
requirements. 





Tapered drive end of 
stock screw positively 
centers screw and 
simplifies removal. 





Gear type oil pump, 
positively driven from 
input shaft, 
lubricates all bearings 
and gears regardless 
of speed. 








Built-in direct drive 
stock screw electric 
tachometer. 


Greater cylinder lengths standard on all extruder sizes with optional 
L/D ratios available. 214”, 314”, 414”, 6” and 8” models available. 
The New D-S thermatic Series Extruders will outproduce — size for 
size — any other extruder on the market today. For complete specifica 
tions and details write to 


DAVIS -STANDARD 


Division of FRANKLIN RESEARCH CORPORATION 





Patented 16 WATER STREET, MYSTIC, CONNECTICUT 


in Canada contact E. V. Larson Co. Ltd., 572 Queen St. East, Toronto 2, Ontario in Europe and the Sterling Area contact Faw- 
cett, Preston & Co. Ltd., Bromborough, England in Chicago contact C. J. Beringer Co., 5522 Milwaukee Ave., Chicago, Illinois 
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living 


Pan American launches Boeing's 707 


JETLINER’S LUXURY AND LIVABILITY makes a decorative facing on the lounge partitions, the 

lavatory walls. In harmonizing pattern it lines the sides 

AIDED BY NIXON RIGID VINYL SHEET ; . 

of the cabin. Result: easier and lower cost maintenance 

Aloft in America’s first jetliner! Your surroundings plus the certainty that the newness and good looks 6i 
are attractive, comfortable, dazzling-clean. What helps the interior will endure flight after flight 

to make all this possible is another marvel of our We think this use of Nixon material more than in- 


times pli istic sheet dicates its excellence and adaptability to many new, 


Nixon rigid vinyl sheet, silk screened and coated, exciting, exacting applications 


YOuR FORMABLE SHEETING 


nixon PLASTICS 


NIXON NITRATION WORKS + FOUNDED 1898 + NIXON, NEW JERSEY 
tM 1363 


Phone New Brur k Charter 9-112]. Metuchen Liberty 9-0200, New York Ext. WOrth 4-5290. Chicago Office Yo. Dearborr Mi yan 2-3 
St. Louis, C. B. Judd, 3687 Market St., JE! I 8082. Cleveland, E. H Kings Highway, Wyomir 1-2863. Leominster, Mass 


A. Dovidio, Phone 7-2120 Guiting Distributor rystal . : Ltd 30 Q 


nt Ontar 





UU 


CONTROLLED PRESSURE 


INDU 


N) HEATED ||) 


x x . 
A 


a 


extruders 


MANY PRODUCTION AND COST ADVANTAGES 


AUTOMATIC WATER COOLING « Plenty of cooling capacity 
for present and future...a high-thermal-capacity, recircu- 


HIGH OUTPUT « Users report excellent production, usually 
greater than the next larger size of conventional extruder. 


CONTROLLED PRESSURE ASSURES QUALITY «+ The 
product formed from these machines will be of superior 
quality as a result of the controlied pressure plasticizing 
action of the screw. This pressure can be maintained in- 
dependently of die pressures or screen pack conditions. 


SAVINGS IN OPERATING COSTS: The use of effective 
thermal insulation around the cylinder and head, a feature 
of induction heating, minimizes radiation losses. The high- 
speed screw with high-pressure vaive permits increased 
mechanical power input. The combination of these features 
results in significant savings in over-all power costs per 
pound of production. 


ONE-THIRD OF WARM-UP TIME « This new heating method 
permits fast, accurate control over a wide range of tem- 
peratures up to 800° F. Expensive, bothersome heater 
replacement is eliminated. Heat-up time will be approxi- 
mately one-third that of other systems. 


ADJUSTABLE, SELF-CLEANING VALVE « Located directly 
ahead of the screen pack. Complete with pressure gauge, 
the vaive opening is adjustable continuously while running 
by the operator through a unique mechanism in the thrust 
housing. 


to: Hale and Kullgren, Inc. 
613 East Tallmadge Avenue 
P. O. Box 12 Akron 9, Ohio 


Add) 


ress inquiries 


lating water-cooling system operates under complete 


automatic control. 


RUGGED CONSTRUCTION : Designed for three-shift, seven- 
day week operation, featuring oversized gearing andthrust 
bearing assemblies. Aetna-Standard is noted for rugged 
equipment. 


LEAKPROOF, QUICK-OPENING HEAD « The breech-lock 
type, quick-opening die adapter assures leakproof sealing 
at the maximum design pressures of 10,000 ibs. p.s.i.... 
plus all the quick-opening features necessary for frequent 
screen pack changes. 


ENGINEERING COMPANY 


PITTSBURGH, PENNSYLVANIA 





Adjustable, self-cleaning 
vaive. Located directly 
ahead of the screen 
pack. Complete with 
pressure gauge, the 
valve opening is adjust- 
able continuously while 
running by the operator 
through a unique 
mechanism in the 
thrust housing. 
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32° adjustable high-pressure 
extruder features a 50 H.P. 
wide-range drive; 4 induction 
heating zones up to 800 F; 
automatically-controllied water 
cooling 3 zones; continuously 
adjustable screw pressure up 
to 10,000 p. s.i.; L D ratio 
20:1; quick-opening head, 
breech-lock type construction 
These extruders available in 
standard sizes up through 8 
inches. 


HIGH-PRI »DURE IN J IN HEATED, LABORATORY EXTRUDER e LD ratio ae: 13 
TUBULAR & FLAT DIES e We have completed screw pressure control up to 10,000 pp. s. i.; 
development of a new line of dies for operation induction heat, 3-zone automatic controls; 
in combination with high-pressure extruders. water cooling S3-zone automatic controls; load 
These have been built in most sizes suitable indicator; speed indicator -wide-range speed 


for plastic pipe, also for blown and flat film. control; self-contained, mounted on caster base. 


2a BY ENGINEERS WHO SPECIALIZE IN RUBBER AND PLASTICS 


eq 


bulit BY THE CRAFTSMEN WHO BUILD RUGGED EQUIPMENT 
FOR THE STEEL INDUSTRY 








Four W-S 64-ounce, preplasticizing-type, horizontal, injection molding machines in operation at the J. P. Gits plant 


At J. P. Gits Molding € orporation... 


Watson-Stillman injection machines 
help to maintain diversified program 


Second color for new Coca Cola dispenser is molded on a 
W-S 16-ounce vertical machine 

Mr. Jules P. Gits displaying a few of the hundreds of items 
molded by his compony 


Che production of J. P. Gits Molding Corporation is extremely 
diversified. Products include cabinets for radio and television 
sets, automotive medallions, houseware items, advertising 
specialties, etc. Many of these are made by exclusive patented 
processes. 

In meeting an infinite variety of customer specifications, 
J. P. Gits relies heavily on Watson-Stillman injection machines. 
Between them, any item can be produced from 2 to 90 ounces in 
size. Two of the machines, a 6-ounce and a 16-ounce, are 
vertical. The others are all horizontal, preplasticizing-type 
machines and include sizes from 15 to 90 ounces. 

The vertical machines are ideal for molding parts requiring 
loose cores and inserts. The horizontal, preplasticizing machines 
provide high-quality, high-capacity production. 

Watson-Stillman injection molding machines are available 
in capacities up to 500 ounces. Send for descriptive bulletins. 


WATSON-STILLMAN PRESS DIVISION 
FARREL-BIRMINGHAM COMPANY, INC. 


565 Blossom Road, Rochester, 10, New York 
Telephone: BUtler 8-4600 


Plants: Ansonia and Derby, Conn., Buffalo and Rochester, N. Y 
European Office: Piazza della Republica 32, Milano, Italy 
Represented in Canada by Barnett J. Danson, 1912 Avenue Road, 
Toronto, Ontario 
Represented in Japan by The Gosho Company, Ltd., Machinery Department, 
Tokyo, Osaka, and Nagoya 


WATSONW-STIMLMAN 


WS-52 
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DESIGNED IN CELANESE FORTIFLEX... 


VULEET, 
BELLU 
Gaaiieitl 


BERRY 
BUELL 
DELLE 


AZGBELEEEE 
ABERRBREERELA 


ne | 


uy 
TTT tT ts 


=anne- 


BRBRRERRERE RELAY 
BEEREEREE 


a 
sthteuae®e. 
sUseeeeeaaaee. 
Ciseteeecugen 
titecceerewes 


ff 


seeciscecaae 


sotitiit =. 
| ggeeaees 
jgaairite 


LINT SCREEN FOR GAS AND ELECTRIC DRYERS 


Maytag Lint Screen has new toughness, heat-resistance...in Fortiflex 


Mavtag required a material for the lint screen TYPICAL PHYSICAL AND CHEMICAL PROPERTIES OF FORTIFLEX 


= and electric dryers. they sought one that would cive Properties of Fortiflex “‘“A"’ Related to Melt Index 
" ; , . : FORTIFLEX RESINS 

new rigidity ana toughness more heat-resistance ... 1 the PHYSICAL PROPERTIES ASTM METHOD UNITS A-20 A-70 A-250 A-500 
found it in Fortiflex. The high temperature-resistance o ¥ [ ; 

Brittle ‘ ThA 
high-density. linear polyolefin plastic extends to sterili 
levels. Fortiflex is five times more rigid than conventic 
polvethvlenes. and it has the necessary smooth, lustrous sur! 

] 
» handle laundry gently. Properties of Fortiflex “A'’ Not Affected by Melt index 
PHYSICAL PROPERTIES ASTM METHOD UNITS 
Fortiflex “A” is presently available in four melt indexes develope ! 
commodate a wide range of conditions and applications of 

informatior 


est to designers and manufacturers. For more 


r test quantities, just use the handy coupon 


Fortiflex...a C PLRavese plastic 


htt ttt tte eee Pe eee eee ee tt Te ee et PT 
Celanese Corporation of America, Plastics Division, 
Dept. 129-A. 744 Broad Street, Newark 2, N. J 


| thor 





Teamwork pays off! 





= 


> Any Polyethyl CNe 


“ 





porry poiyethylene ., 
¢ —~ = 


For Faster Cycles... 


Holding Stress Crack Protection... 


blend with 


See the difference for yourself! Blend A-C Poly- 
ethylene with your regular polyethylene resins, 
particularly the lower melt indices. Here’s what 
happens! 

You mold the same parts at lower injection pres- 
sures, using faster cycles. Stress crack resistance of 
low melt index polyethylene in blend is protected by 
A-C Polyethylene. Rejects caused by poor color dis- 
persion are reduced. Melt index of blend is changed 
to a desirable, workable melt viscosity for easy mold 
filling. Mold sticking problems are eliminated—even 
with mirror-finish molds. 

And, you can cut inventory requirements! By 
modifying the amount of added A-C Polyethylene 


llied 
hemical 








AC Polyethylene 








you tailor the resin melt index to meet each indi- 
vidual molding probiem. High melt index resins are 
no longer required. With a few conventional poly- 
ethylenes plus A-C Polyethylene you can now do the 
job that formerly required many grades. Production 
costs are lower, quality of molded parts higher, and 
you stock fewer grades of polyethylene. 


No special equipment is required to take advan- 
tage of A-C Polyethylene. Just add to your resin 
during the color blending operation. Find out how 
A-C Polyethylene can produce better molded pieces 
at lower cost for you! Telephone or write your near- 
est Semet-Solvay Petrochemical office today for full 
information. 


SEMET-SOLVAY PETROCHEMICAL DIVISION 
Dept. 551-BB, 40 Rector Street, New York 6, M. Y. 


Notional Distribution * Warehousing in Principal Cities 
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Gordon B. Lankton 
Sales Service Laboratory 
Polychemicals Dept. 


I. du Pont de 


HE PATTERN of polymer flow in the mold has 
long been known to be an effect of size, shar a” 
cross section of runners, type and size of gate, 
cavity layout. Extensive study of each of these 
features has been made in relation to nearly eve 
type of thermoplastic resin 
There are rules of thumb of mold design for use with 
each resin. For instance, because of the higher relative 


viscosity of acrylics, runners of a mold designed for 


acrylics should have a greater cross sectional area than 
those designed for nylon. A rule of thumb on gate de- 
sign is that the gate land should be one-half of the 
gate diameter. Another rule is that runners should be 
lecreased in cross section after each right angle turn 
from the sprue to the cavity in order to build up pres- 
sure. Many mold designers design a multi-cavity mold 

the so-called balanced fashion, with gate sizes pro- 
portional to the distance of the cavity from the sprue 





paper was presented at the Regional Technical Conference 
ved by the Philadelph Section of SPE 


URNAL, Jana 1959 


Nemours & Co 


‘yr mold designers do just the opposite and make 
gates farthest from the sprue proportionately 
aller 
There still remains a great deal to learn about mold 
sign before we can accurately predict the exact fill 
pattern of the mold while it is still on the drawing 
boards. Even today the majority of molds constructed 
must be sent back for alterations after a trial run since 
preliminary designs are seldom completely satisfactory 


Effect of Molding Conditions 


It is frequently assumed that non-uniform filling of 
the mold is due solely to mold design. This is not gen- 
erally the case. Molding conditions, especially those 
affecting the rate of polymer flow into the mold, have 
an important effect on the pattern of filling. With an 
understanding of the effect of molding conditions on 
mold filling, the molder can often accomplish what 
would otherwise necessitate design changes to the mold 


3] 





me ", 


ijn 


Figure 2. Cavity filling pattern with fast 
filling rate 


the pattern of filling as shown in this short 
erratic. This pattern is reproducible cycle 
cycle. A logical first impression in this case might 
that the gate sizes were uneven, causing the erratic 

ing. However, this may or may not be the case 
In Fig. 2 the shot was made with the same mold 
shot shown in Fig. 1. No alterations were made 
sate and runner sizes. The difference was in 
ynditions: in the case shown in Fig. 2, the 
ling rate was increased by raising stock tem- 
njection pressure, and starve feeding. The 

2 fills in a uniform pattern 


SPRUE PULLER 
(Strain Gege) 


EJECTOR Pin 
(Strein Gege) 


_ 


Figure 4. Test shot of disc made with 
nylon molding powder. 


Figure 1. Cavity filling pattern with slow 
filling rate. 


Thus particular filling pattern is a function not 
solely of mold design but also of molding conditions 
A mold designed to fill uniformly at specific molding 
conditions may fill very nonuniformly at other molding 
conditions. Conversely a mold which has an erratic 
filling pattern may not need to have gate and runne: 
sizes altered; it may fill very uniformly at other molding 
conditions that are well within the molding limits fo 
the particular job. To carry this further, it may be de- 
sired to convert a mold designed for one thermoplastic 
resin to use with another very different thermoplastic 
resin. If the effect of molding conditions on filling pat- 


- 


Figure 3. Mold for producing 4-in. di- 
ameter discs used to study molding 
variables. 
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tern is understood and applied, it may be possible to 
get a uniform filling pattern without altering the mold 

When is this important? 

It is important on dimensions. If one section of the 
cavity fills faster than another section, there will be 
differences in pressures in the cavity, in rates of set-up 
and solidification, and in internal stresses. These fac- 
tors all affect shrinkage and. c ynsequently, dimensional 
tolerances 

It is important on surface finish. If some cavities in 
a multi-cavity mold fill earlier with resin of highe 
temperature, the surface finish of the pieces from these 
cavities will differ from that of the pieces from the 
cavities that filled late: 

It is important in weld line formation. Weld lines 
form when the resin stream is divided into two fronts 
which subsequenily meet and weld together in a weak 
bond. The pattern of filling can often change the position 
of the weld line to a less critical place; sometimes 


eliminate it 


Testing Procedure 


To control filling pattern we have studied three 
molding variables: pressure, cylinder temperature and 
ram speed, in an effort to determine their effect on the 
filling rate and filling pattern of a mold. 

The study was conducted on an 8-oz. Reed Prentic« 
molding machine. The mold had two cavities, each 
producing discs of 4-in. diameter, 's-in. thick. The 
mold is shown in Fig 3; a shot is shown in Fig. 4 
The material used was Zytel 101 nylon molding powd«s 

The machine and mold are instrumented to provide 
a continuous simultaneous record of hydraulic injec- 
tion pressure, injection ram velocity, and pressure 1n 
the mold at the sprue puller and at a point in the cavity 
most distant from the sprue. The hydraulic injection 
pressure is measured with a Baldwin SR-4 pressure 
cell in the hydraulic injection cylinder. Injection ram 
velocity is measured with a Sanborn linear velocity 
transducer which is attached to the ram. The polyme 
pressure in the mold is measured with strain gages 
(Ref. 1) on the sprue puller and on an ejector pin at 
the most distant point from the sprue. See Fig 

Continuous simultaneous recording of this 
done on a Sanborn analyzer. The data obtaine 
particular cycle are shown in Fig. 5 

From simultaneous recorded data of this type 
variety of cycles at different molding conditions 
be seen the factors which affect cavity filling 


Injection Pressure 


Mold filling pattern has been shown as dependent 
on filling rate. Flow rate through the nozzle which is 
essentially filling rate can be expressed with the equa- 
tion 

( Ap 

2 rK 
where Q,, is polymer flow out the nozzle in 
fr, IS viscosity 
AP iS pressure difference across the nozzle 
K is constant 


AP across the nozzle is P P,,, where P, is the 


pressure of the melt at the point where it flows from 

the heating cylinder into the nozzle, and P,, is the 

pressure in the mold cavities. If the resistance to poly- 

mer flow within the nozzle is neglected, and P,, is as- 

sumed to be zero until the mold is filled, then AP = P 
> 

Q ; _ during the time that the mold is filling, P 
1K 
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Figure 5. Polymer pressure at sprue puller. 


Figure 6 





Figure 7. Cavity filling rate vs. ram speed 


4 


Figure 8. Temperature variation in the nozzle during filling. 
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Lille om tne hydraulic 
pressure by an amount determined 
by the resistance to flow in the heat- 


ng cylinder of the 


injection 


machine 
It can be seen from this that thers 
s a direct relationship between hy- 


lraulic injection pressure and mold 


Hydraulic Injection 
Pressure 


TABLE | 


Time for Polymer to Flow 
From Sprue Puller to Far 


Side of Cavity Mold Pressure 





filling rate. Thus the injection pres- 
sure has an effect on the pattern of 


psi 


nold filling 
Table I 


iowering 


data obtained by 


and 


gives 
pressure measuring 
filling time. If the point at which the 


um begins its forword travel is used 


21,000 
18,000 
16,000 
14,000 
12.000 


psi 
14,550 
12,200 
9,350 
4,650 
700 





the reference point, the time re- 


juired to inject the polymer as far 

prue puller does not vary 
iably the 
ures. This 
Fig. 6. In 


" 
required 


tne 


‘ 


within 


range o 
lin shown 
to 


the 


; press 
ally in 


time 


1S 
contrast 
fill 


reaches 


the 


to 


avity after polymer the Rear Center 


Cylinder Temperature 
Front 


Time for Polymer to Flow 
From Sprue Puller to Far 
Side of Cavity 


Noz. Mold Pressure 





ra 
620 
600 
580 


570 


F 
530 
510 
190 
180 


prue puller increases nearly tenfold 
when pressure is reduced from 21,- 
000 psi to 12,000 psi. This is seen as 
difference between the 
Fig. 6. Pressure changes 
an appreciable effect on 
this fill 


the two 

in 
nave 
increased 


time since 


F 
530 
510 
490 
480 





F 
530 
510 
510 
510 


sec. 
0.65 
1.25 
3.40 
10.65 


psi 
15,000 
15,000 
12,750 
8.000 





is essentially additional cycle 
equ red Pressure change Ss also 
effect of filling 


iple factor in filling pat- 


the 


altering 


Ram Speed 


in./sec. 


3.5 
2.4 
0.65 


TABLE Ill 


Time for Polymer to Flow 
From Sprue Puller to Far 
Side of Cavity 
ser. 

1.35 
1.57 
1.85 


Mold Pressure 
psi 
14,500 
14,500 
14,500 








Cylinder Temperature 


the equation flow through the nozzle 


\P 
rK 
portional to viscosity 


qd, it is seen that filling rate is inversely 


pro- 


with melt tem- 
perature, but not uniformly since plastics are not New- 
tonian fluids 


Viscosity changes 


Cylinder temperature then has an appreciable 
effect on cavity filling rate 

Data on cylinder temperature effects are 
Table 


as in Fig 


nreecire 
pressure 


shown in 
When the data are plotted in the same way 
6 with cylinder 
the 
of molding temperatures 


temperature replacing injec- 


tior ordinate, the curve 


the range 


f 
as io! 


in Table II is of almost identi- 


al proportions as 


that in Fig. 6. Lowering the cylinde 
ature from a 620°, 530°, 530°, 530°F 

180 180 180°F profile incre by 
tenfold the time required to fill the cavity afte: 


| ] 
tn poiyvme! 


temper! 


profile to 


1 570 more 


ases 
reaches the sprue puller 

Cylinder temperature like pressure has an important 
effect on filling rate and consequently on filling pattern 


the mold 


Ram Speed 


machines 
which 


Injection molding are 


flow control 


often equipped with 


valve limits the flow of the 


hydraulic system and thus varies the speed of the ram 
Using this control, ram velocity was varied from 3%2 in 
the machine) to 0.66 in The 


shown in Table III and plotted in 


(maximum of 
obtained 
Fig. 7. 

Referring again to the equation for flow through the 
AP 


sec. sec 


data are 


nozzle, Q). , or as we have shown du mold 
rK 
P 
fiilling to be that filling rate 


Q>p , we 
rK 

affected by a flow control valve in the hydraulic cylin- 
der unless it affects P,, or 4. There may be a slight effect 
on 7, due to a slower rate of compression in the heating 
ylinder, 


see is not 


less internal friction, and consequently 
less internal frictional heat developed, but this is neg- 
ligible. P,, is not appreciably altered since the injection 
pressure still builds up to the same pressure setting 
The only effect on P,, would be that it would build up 
more slowly since the ram would be meeting the initial 
resistance of polymer in the cylinder at a slower rate 
This initially slow build-up of pressure has only minor 
significance since it only occurs at the beginning of 
polymer flow through the nozzle and subsequently the 
flow is not affected by the flow control valve. 

Fig. 7 shows that ‘he time required to fill the mold 
after the polymer reaches the sprue puller is essen- 
(Continued on Page 47) 
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Flammability Evaluations in Safety Codes 


Today, in almost every field, plastics are accepted os 
common materials. Do consumers and users of your 
products know how flammable plastics can be? Without 
adequate testing and publication of the facts, your plas- 
tics products may be the cause of a disastrous fire. 


Mathew M. Braidech 
Research Director 
Engineering Standards and Fire Prevention Dept 
National Board of Fire Underwriters 


IRE PROTECTION engineers and safety specialists 
recognize that plastics are a relatively new and a 
remarkably fast-growing technological development. It 
is an industry that is particularly distinguished for its 
multiplicity of output and the wide variability in the 
properties of its products. In the promise of many di- 
verse and unique uses, some of the materials wert 
subjected to misapplication and misuse, particularly 
situations involving exposure to heat and flame 
Despite the fact that plastics are probably the most 
tested materials of commerce, much information is 
lacking about their physical nature, particularly as to 
thermal stability and flammability. While they are sub- 
jected to many conventional tests, much of the data 
obtained is of limited value in estimating the relative 
worth of the materials, and not entirely suitable fo 


the designer. 


Fire Test Programs 


Evaluation efforts by the Underwriters’ Laboratories 
and the National Bureau of Standards, as well as th 
American Society for Testing Materials, Committe: 
D-20 on Plastics, are fairly well known. Much of this 
early work was conducted with arbitrarily established 
empirical test conditions, under which simple compara- 
tive observations of ignition or burning were mad 
Since no fundamental quality was actually measured 
the information so obtained was not adequate to predict 
behavior under conditions other than those of test 

Methodic research on the mechanism of burning of 
plastics materials may some day place the characteristics 
of their ignition and flammability on a firmer footing, 
and may even help to predict performance of mor¢ 
massive shapes and fabricated structures under give 
fire exposure. At present, the plastics industry is ex- 
periencing only fringe problems; as the field of building 
construction is entered more deeply, these will increas« 
in complexity and number. 

It may be of interest to review some of the develop- 
ments associated with the revision of the three ASTM 
flammability tests by Committee D-20. These changes 
were developed during 1953-55, and were adopted as 
tentative standards in 1956. These are known as 

(1) D-568 (1943)-56T; Test for Flammability of 
Plastics 0.050 in. and Under in Thickness; 
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(2) D-635 (1944)-56T: Test for Flammability of 
Plastics 0.050 in. and Over in Thickness 

(3) D-1433-56T: Test for Flammability of Flexible 
Thin Plastic Sheeting 

For completeness of record, it should be reported 
that the Committee is currently making a review ol 

1 D-757 (1949) covering flammability of self- 

extinguishing plastics. It has early recognized that tem- 
peratures at which plastics will ignite and the rate at 
which they burn must be considered as two separately 
measurable properties 

For the past year and a half, the Committee has been 
diligently concerned with three special projects cove 
ing: a radiant panel flame-spead apparatus; flamma- 
bility of plastics foams; and a test for ignition (instant 
and long-exposure) temperatures. This work is being 
conducted in cooperation with the National Bureau of 
Standards, who first originated these test methods 
There is also a project underway by the U.S. Forest 
Products Laboratory covering the development of an 
abbreviated and less costly tunnel test apparatus (an 
8-ft. tunnel instead of the 25-ft. apparatus of Under- 
Liaison is maintained with 


writers Laboratories) 
ASTM Committee E-5 which has prime interest and 
principal jurisdiction in this development 

During this ASTM activity, study of the current 
literature revealed some 25 different methods for test- 
ing various materials for flammability and combusti- 
bility These were reviewed fo1 possible adaptation ol 
their test principles (burning rates, ignition tempera- 
tures and ignition rates, combustion intensity, afte: 
glow, fuel contributed and smoke produced). It was 
found that 11 different ASTM flammability procedures 
were in existence covering textile, electrical insulating, 
plastics and building materials. Reviews were also to 
be made of other flammability tests for plastics used 
n electrical insulation and building materials unde: 
jurisdiction of other ASTM Committees 

Instances were soon found where, in the interest of 
expediency, attempts were made by regulatory bodies 
and others to borrow and adapt existing tests to build 
ing materials, even though they were not originally 
contemplated for such purposes. On revision of the 
D-568 (0.050 in. and under) and D-635 (over 0.050 in.) 
flammability tests, the Committee viewed these tests 
as being limited to laboratory evaluation of different 





materials and compositions and in controlling manu- 
facturing processes. To preclude misapplication beyond 
their prescribed purposes, an introductory statement 
was incorporated into the standard, stating that corre- 
lation with flammability characteristics of the same 

iterial under other tests or in actual end-use appli- 
cation (or under fire exposure) was not implied 

The sub-group also conducted an extensive examina- 
tion of the test technique and the SPI Flammability 
Tester equipment for thin film. This was incorporated 
into Public Law 88 (Chapter 164) by Act of Congress 
on June 30, 1953. The SPI test was adopted by the U.S 
Department of Commerce as a voluntary standard o 
the trade in May 1953, which is now officially known as 
Commercial Standard 192-53 

It should be pointed out that the testing interests ol 
the SPI and those of the ASTM differed to quite a 
degree, The former was concerned principally with a 


t 
I 


’ and “no pass” requirement of the Federal Wear- 
Apparel Flammability Act (as governed by the 
ng rate limitation of 1.2 in./sec.), while the latte: 

as interested in deve loping a more accurate process 


control test with definite tolerances of reproducibility 


Oddly enough, a ro' ‘- robin series of comparative tests 


conducted at six nufactu rs laborato es on SIX 
different samples ir ated a variability as much as 40 
to 50 between the ferent laboratories. Test repro- 
ducibility within an individual laborat ry was 5 to 10% 
Efforts are being made to improve these check values 
vith a tighter set of procedure instructions, changes in 
the preparation ol test specimen and technical im- 
rovements in the apparatus 
The flammability test for flexib!e thin plastics sheet- 
ing stands adopted for the first time as an ASTM Tenta- 
tive Standard (D-1433-56T) It contains a qualifying 
tatement that the method provides data for comparing 
ive burning rates of thin sheeting under conditions 


) 
I 


prescribed by this test and that correlation with flam- 


mability under actual conditions is not implied. Atten- 


tion is also drawn to the poo 


laboratory < ymparison, along 


reproducibility for inter- 
with the fact that the test 


is not litable for precise comparison ol data 


Building Materials 


During this work, a two-fold interest developed 
vithin Committee D-20: one concerning the establish- 
imple omparison tests to provide easy execu- 
gnitibility and flammability measurement in re- 
rch and deve lopm«e nt quality or process control dur- 
ng manufacture, and for general guidance in procure- 
ment specifications; the other a more practical and di- 
ct fire test for determining end-use limitations for 
large amounts of such materials as might be prescribed 
by public building codes and municipal ordinances. This 
latter evaluation is in the nature of a performance test, 
calling for large-scale testing and more complete com- 
parison with established construction materials which 
plastic may intend to replace 
There was fairly general agreement that the ASTM 
E84-50T, originally the so-called “Underwriters’ Tunnel 
Test, (see Bulletin ol Research No 32, 1944: Fire 
Hazard Classification of Building Materials, by Under- 
writers’ Laboratories) appeared to be the most likely 
answer to the problem of evaluation of plastics em- 
ployed in building construction. This test has been a 
National Building Code of the National Board since 
1949 and has been accepted by the National Firs 
Protection Association 
It must be realized that in building codes, the per- 
formance of all materials and structures must be tested 
under the same standard fire exposure conditions to 


avoid confusion among code authorities and regulatory 
bodies. The testing of flame spread with small-sized 
samples of rather limited surface areas, by procedures 
never intended to be applied to fire problems, leads to 
erroneous conclusions when applied to construction 
materials for doors, wall sections, windows, suspended 
ceilings and skylights. Specification preparation on such 
an unsound basis can only result in extended difficulty 
in attempting to meet building code requirements 
Qualified end-use testing provides a proper answer to 
the criticism that newer materials and construction are 
unfairly regulated by concepts based on past field 
experiences with older materials. 


Tunnel Test 


The tunnel test technique is regarded as one of the 
outstanding developments in fire technology. It is widely 
accepted in evaluating and classifying materials used 
in large quantities, as in the case of building construc- 
tion, principally because of the reproducibility of test 
data and because of its soundness and practicality of 
approach. This yardstick of comparison provides a very 
simple and direct guide for the solution of difficult fire 
safety programs. It is based on two commonly-used 
materials—asbestos-cement board and red oak lumber 

which are used as “zero” and “one hundred” scale 
reference points, respectively. The supplemental data 
on “fuel contributed” and “smoke produced” that are 
developed in parallel with “rate of flame spread” are 
also of value in indicating possible added intensity of 
combustion and the production of non-respirable prod- 
ucts and volumes of smoke which would tend to cause 
an undue hazard to life and seriously interfere with 
fire-fighting operations. Material which will produce 
smoke or vapors in greater volume and more toxic 
than those given off by common materials, such as 
untreated wood or paper, under comparable conditions, 
should not be permitted for general use 


Fire Safety Ratings 


Any test evaluation which simulates actual applica- 
tion or manner of use of the material, and closely 
parallels burning under field conditions, has real signifi- 
cance and is more likely to receive ready acceptance 
This new approach of using flame-spread classification 
for control of fire hazards associated with combustible 
building materials was first officially applied in 1949 
in the NBFU Building Code in connection with acousti- 
cal and wall and ceiling finish materials. This rating 
of combustibility became more widely used in the 1955 
Code, to cover and limit the use of various other ma- 
terial in different locations and occupancies. The Code 


now defines “noncombustible,” as applied to building 
construction materials, as having a flame-spread rating 
not higher than 25 (including any material which will 
not ignite and burn when subjected to fire, but liberates 
flammable gas when heated to a temperature of 1380°F 
for five minutes). With surfacing materials not over 4s” 
thick, having a structural base of noncombustible ma- 
terial, a flame-spread limit of 50 is acceptable. The 
Code also stipulates standard automatic sprinkler pro- 
tection with use of interior finish materials having a 
flame spread greater than 75, when used in exit ways 
and exit hallways and in all portions of buildings more 
than 75’ in height and in rooms of spaces over 1500 ft.*. 
Finish materials up to a 200 rating may be used in 
areas less than 1500 ft.* if sprinkler protected. Materials 
with ratings as high as 500 are also permissible with 
stricter limitations as to area and type of occupancies 

The National Fire Protection Association (see 1957 
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Building Exits Code—NFPA No. 101) has adopted a 
somewhat similar flame-spread classification for interion 
finish materials. These are grouped into five classes: 


A 0-20 
B 20-75 
> 75-200 
D 200-500 
E Over 500 


Over the years, the fire authorities were guided by 
the experience that fires involving highly combustible 
materials may spread so rapidly that they severely 
endanger safety to life, whereas use of materials of 
low flame spread provide reasonable opportunity fo: 
occupants to escape. This is particularly important in 
public assembly places and in institutions. It is of in- 
terest that wherever large loss of life had been ex- 
perienced in fires, burning materials were found to hav: 
a flame spread well in excess of 100 

At present, the “fuel contribution” and “smoke pro- 
duction” factors in Codes do not have numerical limi- 
tations; however, they may receive further consideration 
as newer materials, such as plastics, gain headway in 
building construction and are used in greater quantity, 
with heavier and thicker sections 

Some 30 different types of plastics products, covering 
25 or more different formulations, have found their way 
into the building field as wall coverings, acoustical and 
insulation materials, coated fabrics, wall tile, suspended 
ceilings, floor coverings, translucent sheets for louvres 
and skylights, and a variety of thermoplastic insulated 
wires for electrical uses. One major municipality reports 
approving over 100 different plastics products (includ- 
ing 21 flameproofed fabrics and 20 wall coverings) ove: 
the past ten ye. That the utility of plastics is recog- 
nized and accepted is indicated by the fact that the 
Underwriters’ Laboratories presently lists nearly 150 
different plastics materials and products containing 
plastics. These include some 80 listings of thermoplasti: 
insulated wires, a dozen slow-burning and self-extin- 
guishing film base materials for packaging and wrap- 
ping and nearly an equal number of plastics tool 


components. Among these are also listed 33 different 
makes of corrugated and translucent glass-fiber-rein- 
forced sheets and panels. These have been examined 


for building material use and were subjected to the 
ASTM E-5 tunnel fire test; interestingly enough, most 
of them indicate slow-burning properties with fiame- 
spread factors of 60-75, while a good many are in the 
10-20 factor category giving them a non-combustibl 
or fire-retardant rating. The fuel contribution was 
found to be in the 10-20 range for those evaluated fo. 
this factor, while quite a few had a smoke-production 
factor of 100-200, with most listings showing values 
above 200. Some three plastics assemblies for use as 
suspended ceilings are listed, and their listings state 
that these may be installed under automatic sprinklers 
without materially affecting their operation or distri 
bution. 

Laboratory evaluations for plastics products can bé 
varied depending upon the amounts that are to be 
employed for any given purpose. Where materials ar« 
used in large quantities as major components in build- 
ing construction, the tunnel test is applicable. Wher: 
the quantity used is limited by the size of the applica- 
tion, as in the case of electrical fixtures, and does not 
materially affect the hazard of the building structure 
where it is installed, the safeguarding requirement 
would logically be met by the “slow-burning” classifi- 
cation for plastics (see Underwriters’ Laboratories 
Bulletin No. 22 (1941), Comparative Burning Tests of 
Common Plastics). 
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Codes and Standards 


The 1954 Amendments to the NBFU Building Code 
gave attention to plastics building materials for the 
first time. The 1955 revision of the Code devotes six 
subsections to uses of plastics, covering glazing (Sec- 
tion 592.2). skylights (Section 805.4), interior finish 
licht-diffusing ceilings (Sections 922.1 to 922.5), and 
applic the Aame-spread rating (ASTM E-84) and 

iermal stability (flammable gas liberation), into the 
defiuition of the term “noncombustible” (Section 209) 
Space will not permit quotation of these requirements 
(totaling some 1200 words), but those interested in the 
details may obtain copies of the Building Code upon 
request to the National Board of Fire Underwriters, 
Dept. of Fire Prevention and Engineering Standards, 85 
John St., New York 38, NY. 

Too often these technical instrumentalities, codes and 
standards, are regarded as road blocks and, for this 
reason, their true value may not be as well appreciated 
by all engineers as they should be. Far from being a 
shackling influence on progress, they are directly re- 
lated to scientific research, advancing technical innova- 
tions and engineering developments, and they should 
thereby be considered as effective protection for the 
producer, seller, buyer and particularly the engineer 
These instruments of agreement have a direct bearing 
on economic industrial productivity and our future 
way of life. Many segments of our complex technology 
could not operate except for the existence of these 
aids. Technical standards and engineering codes have 
developed into an unarguable asset to our mass pro- 
duction system. The accepted importance of present- 
day standards-making activity is indicated by the fact 
that nearly fifty trade associations and industrial and 
insurance services, together with various technical 
societies and government agencies, sponsor several hun- 
dred technical committees for such purposes 

Standards are democratic in theiz makeup as they 
are generally constituted of a systematic collection of 

experience and a_ studied acceptance ol g od 


reduced to writing. They also represent a 


good 
practices 

Se aes ee ble re bil f all 
voluntary concurrence of equitaDle responsibility oO! a 
concerned—the producer, the engineer, the designer, 
the consumer, and the public officials. The basic tenets 


of a good technical standard are: 


] stipulation of minimum requirements 

2. incorporation of a substantial margin of safety 

3. practicality of application and wide acceptance 

1. flexibility of change by periodic revision 
Conclusion 


fire satety 


It should be recognized that success in any 
undertaking is a matter of proper understanding and 
willing cooperation, and that it is best attained through 


| 


self-regulation with voluntary standards of accepted 


good practices. The fire safety activities of the National 
Board of Fire Underwriters and the National Fire Pro- 
tection Association are purely advisory; their suggested 


standards and codes act as guides for insurance pur- 


poses and industrial Safety programs, and serve as a 


basis for state and local legislation, Their development 


has come about th ough the coope ative efforts ol all 
interested groups obtained through representative com- 
mittees and other technical bodies. The Society of 
Plastics Engineers certainly has a share of responsibility 


in providing some of the answers in fire prevention 


and fire protection matters A cooperative approach in 
this regard will go a long way toward our keeping 
pace with our ever-changing environment and safe- 
guarding human life and created values 
* * * 
” 
>/ 





Progress in High Temperature Resins: 


EPOXY NOVOLACS 


A new range of applications for epoxy resins is opened up with 
these highly functional polymers which provide the thermal 
stability of novolacs and the fabricating ease of epoxies. 


t castings, idhesives, and 


, ~~ FORMULATION of ther- 
laminates with good performance at 


high temperatures presents prob- 
High functionality is desirable 
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cessary high soften- 
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The Dow Chemical Company 
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TABLE | 


Typical Uncured Properties 


Resin Designation 
Type 

Molecular Weight 600 
Epoxide Equivalent Weight 176 
Epoxy functionality 3.5 
Viscosity, 77°F, cps. 
Specific Gravity 25°/4°C 1. 
Total chlorine, maximum 0.: 


X-2638.3 
Epoxy Novolac 


semi-solid 


D.E.R. 331 D.E.R. 332 
Standard Pure Standard 
375 340 
190 175 

2.0 2.0 
10,000 4,500 

1.17 1.16 

0.25 0.25 





has been needed. Research at Dow 
has resulted in the polyfunctional 


epoxy novolac resins, which com- 
bine the thermal stability of novo- 
lacs with the fabricating ease of con- 
ventional epoxy 

In the two years since Dr. A. M 
Partansky presented our early data 
at the 1956 Atlantic City ACS Meet- 
ng (Ref 
on many formulations have been de- 
veloped. These have led to the use 
of the epoxy novolacs in several 


resins 


1) application techniques 


raise the 


ritical applications to 


operating limits at least 100°F higher 
than can be attained with conven- 
tionel epoxy resins similarly formu- 
lated. The total market for products 
made from epoxies can be enlarged 
by this expansion in temperature 
limits 


Description 

This paper deals with Experi- 
mental Resin X-2638.3, which can 
be represented by the following 
idealized formula: 


/\ 


C=C 


O-C- 
2 & 


S 














A 
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In this product, the average value 
for n is more than 1, which means 50,000 -— 
a functionality of more than three 
epoxide groups per molecule. Since 
no residual phenolic hydroxyl 
groups are present, the resin is quite 
shelf-stable. In addition, no phenyl] 
glycidyl ether or other monofunc- 
tional impurities are present to re- 
duce crosslinking. 

Other important characteristics of 
the raw resin X-2638.3 are listed in 
Table 1, together with corresponding 
values for the two commercial 
grades of liquid epoxy resin based 
on bisphenol-A. 





Handling Properties 


In addition to the analytical data 
in Table 1, formulators and fabri- 
cators need special information to 
adapt any new resin to existing 
processes. Since this resin is a semi- 
solid at room temperature, the vis- 
cosity reduction data in Fig. 1 is 
important, to show that tempera- 
tures of 125-150°F are satisfactory 
to achieve good application viscosity 
in a formulation containing no sol- 
vent or diluent. With certain liquid 
hardeners, formulation handling at 
ambient temperatures is possible 

For glass fabric impregnation o1 
other coating applications, low con- i 
centrations of ordinary solvents will . ins 
rapidly cut formulation § viscosity TEMPERATURE °F 
Typical useful solvents follow: 


1. Acetone or methyl ethyl 


Lotone commonly used to Figure 1. Viscosity vs. temperature of liquid epoxy resins. 





achieve high solids, low vis- 
cosity, and rapid dry time 


2. Toluene or xylene—for low TABLE Il 


cost, high boiling point, and { ; 
good solvent release from the Heat Distortion Temperatures 


gelled coating Hardener”) Post-Cure'°’ X-2638.3 D.E.R.332  D.E.LR. 331 








2 y ds y ] ” eo al 
3. Dowanol—glycol ether sol- hours @ temperature phr® HDT phr HDT phr HDT 


vents to control viscosity and 
MNA‘* 2 @ 200°F + 15 @ 450°F 101 206 =101 178 93 170 
MNA®* 2 @ 200°F + 24 @ 500°F 101 298 101 22% 93 228 
1. Methylene chloride non- BF.MEA > @ 200°F + 14 @450°F ‘ 256 
flammable, for fast dry at low BF,MEA > @ 200°F + 18 @ 350°F : 239 5 160 160 
temperatures. Also one of the BF,MEA 18 @ 350°F + 24 @ 500°F 5 151 fail 5 fail 
best clean-up solvents DDS 8 @ 350°F 34 220 1909 32 187 
Generally, a total solvent content HET D 350 F 100 210 196 183 
of less than 30° by weight will MDA 2 @ 200°F + 412 @ 400° F 28 206 167 27 155 
1000 MPDA 2 @ 200°F + 4% @ 400°F 16 205 160 158 
centipoises at room temperature BDA 18 @ 350°F > 160 . 
Experimental Resin X-2638.3 can TETA @ 330°F 14 150 14 127 ‘ 120 
also readily be thinned with reactive ZZL-0812 18 @ 350°F 22 138 22 110 é 105 
diluents such as butyl glycidyl ether MA 18 @ 350°F 26 33 . 
or styrene oxide. However, since PA 18 @ 350°F 39 125 107 


drying rates 


provide viscosity less than 


these monofunctional components (a) ASTM Method D-648-56 (264 psi), results in °C 

rapidly reduce the crosslinking pos- (b) Key to hardener abbreviations and source listed in Table VIII 

. after gelling 2 hours at 200°F or 16 hours at 75°F. 
arts hardener (by weight) per 100 parts resin (by weight) 
yl nadic anhydride systems also include 1.5 phr DMP-30 


sible, their use cancels some of the 
: : (c) All post-cu 


advantages provided by the resin (d) phi 


Yet the low viscosity digly- 
: , 4 as (e Metl 
idyl ether of bisphenol-A (D.E.R. ©) 


T 
t 
1 
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332) is successfully used as a vis- 


f 


cosity educer for this epoxy novo- 
mutually 
oluble n all ratios, and the result- 

blends 


t values than would be expected 


lac The two resins are 


usually exhibit higher 


f 


om the ratios of the two resins 


One ex 


tremely valuable phase ol 


ecent epoxy progress has been the 
level pment of comme cial equip- 
nent to automatically dispense two 
omponent resins (Ref. 2). Semi- 
olids such as Experimental Resin 
X-2638.3 can be 


and mixed with the proper ha: lene! 


warmed, metered 
atio in assembly-line fashion. This 
type ol equ pment has been in usé 


bubble- 


of highly filled, viscous 


ny months dispe nsing 


ymns. By this me ins, 
lation d splaying a pot 
for ordinary applica- 
ed with success. The 
th viscosity and fast 
f X-2638.3 can thus be 


idvantage in 


a 
] , ] 
At pee SC ait 


i¢ app! cation 


RESIN PERFORMANCE 


Heat Distortion Temperatures 


ly epoxy novolac castings 
1) dramatized obvious 
differences between 
rived from bisphenol-A and 
volac origin. For example, 
formulations cured with 
imines, a heat distortion 
100°F 


substituting 


iromati 
temperature 
(SS°C) gained by 
X-2638.3 for the conventional bis- 
phenol-A epoxy Furthermore, in 
the tandard ASTM D 648-56 test 
nethod, it is 


the « 


advantagt ol 


regularly observed that 
poxy novolac can be heated far 
ibove the heat distortion tempera- 
e without the 264 psi load causing 
Many specimens made from 


break 


while under load 


when 


entional 
verheated 


Durin 


resins 

the past three years, many 

iring agents have been 
use with this unique 

selected values in Tabl« 

al 

heat distortion tempera- 
value only for screen 


the test does not 


I 
repre- 
p 


end-uss conditions Thermal 


tability S tal 
oftening range if high 


more important than 
riginal 
temperature performance products 
are at stake. Thermal 


this case means the ability to main- 


stability in 


tain critical properties throughout a 
definite time span at elevated tem- 
Thermal 


how Ip ¢ lea ly as loss of physical 


degradation 


peratures 


10 





TABLE Ill 
Thermal Degradation at 500 F 


Hardener 


Resin 


phr original 





X-2638.3 MNA 101 160 
DER 331 MNA 93 137 
X-2638.3 BF.MEA 5 239 
DER 331 BF.MEA 5 160 
X-2638.3 MDA 28 206 
DER 331 MDA 27 155 

(1) ASTM D-G48-56 (264 psi) 

indicated 


Heat Distortion Temperature'’? 





results in °C afte: 500°F agi 


4 hr. 8 hr. 24 hr. 120 hr. 
242 274 298 257 
177 198 228 213 
133 128 151 0 
52 0 0 0 
182 142 116 0 
124 100 0 0 
hours 


(2) Also included 1.5 phr of DMP-30 accelerato 
All specimens gelled at 200°F and post-cured 18 hours at 3950 F prior to 


original HDT determination 





TABLE IV 


Chemical Resistance 
One Year Immersion at 77 F 


Chemical 
ee 


Acetone 

Ethyl alcohol 
Ethylene dichloride 
Distilled wate: 
Glacial acetic acid 
30° Sulfuric acid 
3% Sulfuric acid 
10% Sodium 
l Sodium hydroxide 
10% Ammonium hydroxide 


hydroxide 


Cured with methylene dianiline 


© Weight Change“*’ 

X-2638.3 D.E.R. 331 
1.9 
1.0 ] 
2.6 6.: 
1.6 l 

0.3 

1.9 

1.6 

1.4 

1.6 

1.1 
gelled 16 hours at 77°F, 





— 


—m viv vi 


Wwwhn Ww 


post-cured 


4% hours at 330°F. X-2638.3 cured additional 3% hours at 400°F 


Sample size 42” x 42” x 1” 





TABLE V 
Typical Electrical Properties at 77 F'’ 


Resin Frequency 


Dielectric Constant‘*’ 


Dissipation Factor“? 





(cycles) original 
X-2638.3 60 3.78 
DER 33 60 4.12 
X 2638.3 10° 3.74 
DER 331 10 1.07 
X -2638.3 10' 3.39 
DER 331 10' 3.55 


X-2638.3 

DER 331 
(1) Cured with MDA-DER 33 
X-2638.3 cured 1 hr. at 200°F 


24 hr/H.O 


Volume Resistivity 
original 
0.380 x10!" 
0.181 x10'" 
cured 16 hrs. at 77°F 
16 hrs. at 350°F 


24 hr/H.O 
0.0021 
0.0043 
0.012 
0.016 
0.025 
0.032 


original 
3.82 0.0027 

119 0.0035 
3.80 0.012 
4.15 0.015 
3.44 0.024 
3.61 0.032 
(4) 

24 hr/H.O 
0.183 x 10'° 
0.231 x 10'° 
414 hrs. at 330 F: 


(2) ASTM D 150-54T before and after 24 hours water soak 
(3) ASTM D-669-42T before and after 24 hours water soak 
(4) ASTM D-257-57T (1 min. electrification—500v. DC) results in ohm- 


cm 





strength, which can be measured by 
tests, but 
these are difficult and time consum- 
ing. A good indication of thermal 
stability can be obtained simply by 
checking ASTM heat distortion tem- 


tensile or compressive 


perature, before and afte: 


aging 


specimens at temperatures repre- 
senting end-use environments. Cast- 
ings of Experimental Resin X-2638.3 
withstand 500°F heat aging better 
than do comparable, common epoxy 
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castings, as can be seen in Table III 

The instability of certain types of 
hardeners can also be seen in Table 
III. Aromatic amines consistently 
show up poorly in heat aging tests, 
while certain anhydride hardeners 
actually appear to improve with 
heat aging. Nevertheless, many aro- 
matic amines and other heat-sensi- 
tive chemicals can yield exceptional- 
ly high, yet misleading heat distor- 
original 


tion temperatures in the 


tests. 


Resistance to Chemical Attack 


The high functionality of X-2638.3 


results in a dense, three-di- 
mensional cross-linked 
when fully cured. Attack by solvents 


thus 


resin 
structure 


and corrosive chemicals is 
limited. In addition, since the prod- 
from X-2638.3 remain 


wider temperature 


ucts made 
hard 
range, they can be used in service 
limits of 


over a 


beyond the temperature 
standard epoxy 
Experiences with X-2638.3 in one 
immersion tests at room tem- 
perature are reported in Table IV 
This resin definitely out-performed 
the standard in the two most severe 
chemicals, acetone and ethylene di- 
Although this was 
the trends 
been 
applications. W 


resins 


year 


chloride study 
not extensive, 
Table IV have 
scattered 
hardener is, of 


seen 
confirmed 
many 
choice of cour 
critical if 
basic requirement 


corrosion resistance 158 


Electrical Properties 

Room temperature electrical tests 
to date show that X-2638.3 
lations are quite similar to the epoxy 
formulations Table 
V lists the typical comparisons in 
The results 


lormu- 


now in service 
electrical measurements 


obtained at elevated temperatures 
or under cor conditions are 
not yet available. We expect that 
the inherent molecular stability of 
phenolic resins will again be evident 
since the 
X-2638.3 is 


critical 


osive 


such conditions, 
backbone ol 


new to 


inde} 
phenolic 
certainly 
trical uses. As in chemical resistance, 
the will in- 
fluence performance, but 
in this hardeners 
are usually satisfactory 


not elec- 


curing agent 
final 
amine 


epoxy 
the 


case type 


Glass Laminate Properties 
Although the 


laminates have rapidly 


common epoxy 
their 


structural 


found 
place alongside metals for 
components ol 
1959 
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(2) 
(3) 
(4) 


TABLE VI 


Laminate Flexural Strength’ 
(12 ply, 181 glass, 25-30% resin content'* 


Flexural Strength, psi, x 10° 


Resin Hardener 





200 hr/ 
300°F 400°F 500°F 500°F 
X-2638.3 60/40 21 85 58 39 19 Fail® 
DER 331 MPDA/MDA 19 91 | 12 11 Fail® 
X-2638.3 BF..: MEA 2 90 23 16 
DER 331 2 85 12 10 
X-2638.3 MNA?* 101 92 of : 17 28 
DER 331 
X-2638.3 10 
DER 331 BF*MEA 11 96 13 
X-2638.3 3isphenol 21 91 13 
BF.MEA: 20/1 
ASTM D-790-49T, Tested 
iged 200 hours at 500°F 
See Table VII fo: preparation details 
Failure due to delamination and swelling caused by 
Also contained 0.5% alpha methyl benzydimethylamin«s 


phr 73°F 


93 81 13 19 
1:DDS 11 99 3 29 17 
Fail 
10 
temperature unless 


after 30 min. at test 


decomposition 





aircraft and missiles, 


Number 


TABLE VII 


Preparation of Laminates 
(See Table VI) 
Procedure 
15 min./180°C 
100°F 
300°F 
200 psi: 


ize’ © 
flo hrs 
2 hrs 


190°C 


Vet lay-up at 180°F; pressed 15 min 
Post-cured 2 hours/200°F. 
but post-cured 2 hrs./175°F 
Wet lay-up at 180°F: 
cured 414 hrs./400°F 
Wet lay-up at 180° F: pre ssed 10 min 
post-cured 24 hrs./450°F. 
solids solution in acetone, dried 20 min 
150°C. + 25 min. 180° C 


200 ps1; 
Sam« as 1, 
post- 


p) essed 90 min 


129°C. 30 min./ 190°C 
200 psi 
Impregnated from 77 
210°F. to 

4 


post-cul ed 2 


pressed 5 min 
hrs./400°F. 
pressed 15 min 
100°F 


pressed 3 hi > 


“B-stage” 
200 ps} 
Wet lay-up at 180°F: 
200 psi; post-cured 2 hrs 
Wet lay-up at 180°F 
115 hrs./400°F can 


Lae «. 30 min./190°C 


145°C./200 psi; post-cured 


also be solvent coated as No. 7 





more 


Greate: 


ing t 


which 


these c 
Experimental Resin X-2638.3 can inge of c 


be the 
needs 
ance, 
existin 
new } 
little 

proces 
often 

pregniz 


separa 


rics The l! 


two w 


ing st 


g 
predic 
er’s p 


operat 


d high 


coating for obtaining 


? B-stage d” 
advantage of the properties ol 
1] 


resin aS [tollows 


Excellent solubility in a wid 


yeress lé ‘en needed 
at- 


temperatures 


! process 


p! 


prepreg fabric an 


speed causes higher opt 


atures 


mpe 
result in loss of strength in 
ynventional epoxy structures 
vating solvents 


means to achieve this badly Compatibility and reactivity 


epoxy hard- 


rature pertorm- common 


temps 
used today in 
Many 
ae velope 1 with with 
» sharp melting point to limit 


and it can be 


s fabrication processes gradual change in viscosity 


changes in temperature 


yroducts are 
it regard fe i I n 
control of resin pick-up or flow 
the 


reaction 


apparel! 
sing Laminate 
working 

rathe: 


te resins, hardeners, 


release in 


last 


prefer with pre-im- 4. Rapid solvent 


fabric, g stage and 


ited 


than with d 


ying 
ite 


A predictable shelf-life pos- 
hard- 


and fab- for high speed coating 


product then depends on 5 
sible by proper choice of 


idely 
ps. A ene system 
table, both in the fabric coat- Not all 

nating sufficiently 


iccessful 


sepa ated manufactur- 


good resin must be 
will provide a 
“B-stage” but 
formulations of 


hardene: 
stable 


prepre 2 


] 


} | } 
r y ; , 
lant, and in the lami 


1] 





been cured with 


monoethylamine 


X-2638.3 have 
boron trifluoride 
alt, HET 


phenyl! sulfone, phenolic resins, and 


anhydride, diaminodi- 
mixtures of hardeners. One predict- 
abl B-stage” can be made by 

iring with mixtures of low concen- 

ations of DDS with traces of h ‘at- 
t gered catalysts BF.: 
MEA. The aromatic amine will react 
fabric in 


such as 


enough to produce a dry 
the treating process, yet a gel o1 
hardened state is not reached until 
bro ight 


in the laminating press 


italytic crosslinking is 
about 
In the plastic tooling industry, and 
ome phases of aircraft structural 


laminating, a hand lay-up technique 


must be used to obtain good con- 


mold shapes 
X-2638.3 has 


used in such wet lay-ups, al- 


mity to complex 


Experime ntal Resin 
he en 
though its inherently high viscosity 
yrecludes the use of some hardeners 


Low viscosity hardeners such as 
nethyl nadic anhydride can be used 
x solventless laminating at room 


nperature. Liquid eutectic mix- 
of aromatic amines have been 

1 in situations where the resin 

ld be warmed prior to mixing 

1 laminating 

lable VI 


th results on glass cloth lami- 


presents some flexural 


ide from epoxy resins These 

12 ply laminates of type 181 

loth having Volan A or T-31 

h. Table VII records fabricating 

nniques used for 
ted in Table VI 

th prepreg and hand lay-up lami- 

ites e listed. In all cases, the 

higher 


specimens re- 


Examples of 


provided 
ength than that of the 
mulated bisphenol-A epoxy resin 


nov olac 


similarly 


Commercial Applications 


Although X-2638.3 still retains the 
S “Experimental Resin,” 
has been used com- 
ercially in a variety ol end uses 
Among the industries well advanced 
developments with this new resin 

e the following 
1. Adhesives. In this field X-2638.3 
substituted for older 


resulting in higher 


simply 
epoxies 


temperature limits with no 
novel o! 


unfamiliar process 


techniques or formulation 


Both 


adhesives and 


changes tape supported 


liquid systems 
may be used 

Plastic Tooling. Blends of X- 
2638.3 and D.E.R. 331 or D.E.R 
332 are 


liquid casting formulations for 


used in amine-cured 
higher heat distortion tempera- 
tures. Formulations of X-2638.3 
with methyl nadie anhydride 





TABLE ‘Il 


Low Materials Used 


AbSveviation 


ee ee 


Trade Name 


Dowanol 

Methylene chloride 
Butyl glycidyl ether 
Styrene oxide 
D.E.R. 331 

D.E.R. 332 

Boron trifluoride 
monoethylamine 


BF..MEA 


HET 
DDS 
MNA 


HET anhydride 
Diaminodipheny]! sulfone 


Methyl Nadic Anhydride 


Volan-A 

T-31 

p,p’ methylenedianiline MDA 
MPDA 
BMDA 
TETA 
ZZL-0812 


metaphenylenediamine 
Benzyl! dimethylamine 
Triethylene tetramine 
Hardener ZZL-0812 


Maleic anhydride M. A. 
Phthalic anhydrid A. 
DMP-30 
Bisphenol-A 
alpha methyl benzyl- 

dimethyl amine 


Source 


The Dow Chemical Company 

ihe Dow Chemical Company 

Ciba Company Inc. 

The Dow Chemical Company 

The Dow Chemical Company 

The Dow Chemical Company 

Baker and Adamson, General 
Chemical Div. of Allied Chemical 
& Dye Corp. 

Hooker Chemical Corp 

Merck & Company 

National Aniline Div. of Allied 
Chemical & Dye Corp. 

E. I. du Pont de Nemours & Company 

Dow-Corning Corporation 

The Dow Chemical Company 

E. I. du Pont de Nemours & Company 

Maumee Chemical Company 

The Dow Chemical Company 

Union Carbide Plastics Co., 
Union Carbide Corp 


numerous 


Div. of 


numerous 

Rohm & Haas Company 

The Dow Chemical Company 

Carbide and Carbon Chemicals Co., 
Div. of Union Carbide Corp 





are also successful for laminat- 
ing and casting. 

Molding. Tacky 
“prepreg” fabric is made from 
X-2638.3 and boron trifluoride 
monoethylamine salt to provide 
good wet-out and high strength 
for structural laminates made 
by hand lay-up. 

Matched Die Molding. A rapid 
such as HET 
X-2638.3 has 
preparing “pre- 
fabric for this type of 
laminating 

Printed Circuit Board. Soften- 
ing and distortion in the pres- 
liquid solder is 
minimized X-2638.3 is 
used in typical dicyandiamide 
or diaminodipheny] sulfone for- 
Flame retardant 
X-2638.3 and 


Vacuum Bag 


setting system 


anhydride with 
been used for 


preg” 


ence of hot 
when 


mulations 
boards involve 
HET anhydride 
Electrical Insulation. Relatively 
low cost varnishes for insulat- 
ing components can be made 
from X-2638.3 for use in cer- 
tain Class-H type applications 
Insulated tapes and papers can 
be made by the prepreg tech- 
nique, with increased chemical 
resistance and higher softening 
temperatures resulting 

Other applications in which pre- 

show tangible ad- 


liminary tests 


vantages of this resin include sol- 
vent-borne protective coatings, rigid 
foams, and fluidized bed 
The latter are coatings applied by 
passing hot metal parts through a 
bed of highly agitated powder of 
“B-stage” X-2638.3 formulation. The 
hot parts pick up a uniform laye1 
of fused resin which cures into an 


coatings 


extremely hard, heat resistant sur- 
face. 

In light of the progress made to 
date in these varied 
this new 


investigation in any thermoset struc- 


applications, 
resin warrants thorough 
investigation in any thermoset prod- 


uct to be subjected to elevated 


temperatures 
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Properties of Foams and Laminates 


Under Shock Loading 


The strength of materials varies significantly under high rates of 
loading, and should therefore be considered in selecting resins for 
applications which may be subjected to shock. Comparative data are 
presented here on polyurethane foam and several structural laminates. 


Ross H. Supnik and Melvin Silberberg 
Plas-Tecl iq nipment C 


URING THE PAST few years in testing labora- Test Equipment 
tories throughout the country there has been 


f | i t The Instron Tensile Teste Model TT-C with X-Y 


growing concern over the effects of rate of loadi oO 


the mechanical properties of materials. Polymeric sub- ecord and strain gage pre-amplifier was used to 


stances are particularly rate sensitive, and some plastic obtain static data, while the Plastechon High Speed 
materials behave in a substantially different manr Tester was used to measure dynamic properties 


when subjected to shock loading rates of several tl The Plastechon is a universal testing machine in 


sand inches per minute than when subjected which the load is applied to the test specimen by the 
ventional loading rates of 0.05 to 20 inches per minu ction of an air cylinder, Loading rates of 1,000 to 10,- 
Information as to which materials are rat sensit 000 in./min. are obtained depending on the gas pressure 
and to what degree is extremely important in selecti1 ised and the modulus of elasticity of the material being 


ise in applications where high rates of loa tested. The stress-strain pattern is measured electroni- 


encountered and also in designing structu rally on an oscilloscope, and a permenant record is 


which may be subjected to shock loading conditions i obtained with a Polaroid Land Cam« 


T | 
actual use d -Di xtensometer of the train gag type 


Typical applications wh high loading testing machines t eas strain it 


j 


encountered are l y and missile sion tests. The extensometé was 


mou ich ) i. " } ! t< and | oul a ect n tne specimen, and extension wa 


pa « «cil it I< 
idome However, many conventional } ‘ ( tn axis of the stress-strain irve. Cali 
ote | f } kc le a ] onditions l ne xtensometer was ch cke d both be ore 
mounting the 


the 


(R 
elasticity and tensile s n¢ a rei _ while ail a i ni wa y astechon this 
at fracture is lower thar hat observed in LOV ad wa { with Linea n n variable differential 
static tests. The behavior of silicone | vy is fa insforme! nit consists of hielded cylindrical 
When load is applied slowly, i raw ut lik {Ty il of i 1 permanently magnetized iron rod 
when struck with a hamme hatters like lass AAS od n igh the coil, lines of flux are 
becomes apparent, then, that if an item is designed o1 and the resultant signal is amplified and translated 


ties un t oscilloscope as a beam deflection. A calibration 


the basis of static data and if s 


rength prope! 
se : ] ~ 1 = 1 ‘ { Wy | fl, t n | ty wel } . 
aynami loading are signifcal y iower than those n i Hection VS plate n avel was obtained 
ler static loading, difficulties may be incurred unless pri ng and checked immediately thereafte: 
an adequate safety factor is incorporated in th 

or structure. The object of this paps 


ympare the mechanical properties measured unde: 
. Test Methods 
lynamic conditions with the dynamic properties meas- 


ired under static conditions for polyester polyurethane Tests on the laminates were run in accordance with 
and for structural laminates in order to deter- Federal Specification L-P-406, while those on the foam 

ine the magnitt:je of the differences which exist in were run in accordance with the Tentative Methods of 
ngth charact under these widely differen Test for Rigid Cellular Materials proposed by the So- 


ites of loading ety of the Plastics Industry. Specimen sizes were 
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some cases to allow for load and weight 
in the equipment,* but in each test the 
imen size was used for both static and dynami 
a direct comparison. Flexural tests on foam 
arily run on 1 x 1 x 4-in. specimens with a 
since no standard flex test for foam exists 
time. Tests pe formed togethe: with the 

1 are demonstrated in the following 


, photograph of the Plastechon high speed 

you can see, the sample is placed in suitable 

ounted between the two platens. The top is 

while the bottom is attached through a 

to the shaft of an air cylinder. When the gas 
d, the bottom platen is forced downward, load- 

ample as it travels 

I summarizes the tests on structural foams 





flexural and compression tests were run on 
ch of three nominal densities: 6, 14 and 30 


Tensile and flexural tests were run perpendicu- 


direction of foaming, while compression tests 


both perpendicular to and parallel to the 


foaming. All values represent averages ol 


as indicated in parentheses. Several trends 
om these averages 
ince the densities of individual test speci- 
within and between sets of samples, this 
averages could be somewhat misleading 
demonstrate these properties as a function 
individual test specimens 
sile modulus vs. density is plotted Little 
between static and dynamic values for 
10 lb./ft.* As density increases beyond 
change is noted in the dynamic modulus, 
modulus continues to increase 
ith and elongation at break vs. density 
Fig 3. Tensile strength increases as 
th lower values observed in 
static tests for densities greate! 
watior decrease S markedly as 
12 lb./ft in static tests, 
le difference in elongation Figure 2. Tensile modulus vs. density for polyurethane 
Above 12 Ib./ft.* elongation foam tested under static and dynamic conditions 











that in static tests 





le nsity sh ws the same 
ile modulus vs. density 
15 lb./ ft. dynamic modulus 


moauiu The ate ol change I 
with density is small, while the stati 


quite apidly Compressive stress at 


(%) 


ity (Fig. 5) shows the same relation- 
results indicate a reversal in this patte DYNAMIC 
he dynamic modulus is higher than the static 


f 


lo! all densities, and rate of I 


change of dynamic 
ncreases markedly above a density of 28 lb 


is not observed in static tests, although fo 


ATION AT BREAK 


©) 


eater than 31 |b./ ft.“ this may occur 


TENSILE STRENGTH (ps 


al strength and deflection at break vs. density 
slotted in Fig. 7. No difference in fluexural strength 


ELON 


between the two test speeds except at the 
lensities. Deflection at fail in the dynamic range 

f that in the static range for all densities 
noted in flexural modulus is attributed 
flexural test as applied to 16 24 32 


samples were loaded i a DENSITY ib/#t?) 











Figure 3. Tensile properties vs. density for polyurethane 
foam obtained under static and dynamic loading rates. 
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Figure 4. Compressive modulus vs. density for polyure 
thane foam obtained under static and dynamic loading 
rates. Load applied parallel to direction of foaming 

simple beam and loaded in the center, all specimens 
had a noticeable identation of the foam at the 
and loading nose. Thus the observed str: 
than the strain which would have been observed in 
the 
actual modulus 


red l 


difference IS 


Suppo T 
unm is gre 

observed modul 
This 
Ss probably different 
reflected to a gre 
tests. This ¢ 


agreement noted in modu 


absence of indentation, and 
than the 


the erro! 


1 
iowel indentation 


th 1s inc tor 
this 
in static tests than in d 


the lack 


ul 


i 
ae te 


nsity, and 


extent 


lso accounts for 


ynamic 


ol 


30 lb./ ft 





. STATIC 


DYNAMIC 
S 


COMPRESSIVE STRESS AT 2% STRAIN 


16 24 32 


DENSITY (lb/ft?) 











Figure 5. Compressive stress at 2% strain vs. density for 
polyurethane foam obtained under static and dynamic 
loading rates. Load parallel to direction of foaming 


lus values in the Flexural modulus was in 
of magnitude than the tensile and com- 


Static range 


a lower order 
pressive modulus 

The small change of dynamic, tensile and compressive 
to 
the large change in the static 
observed 


as density increases from 14 
to 

modulus of elasticity 
It is logical that this heat 


all 


noduli with density 
in contrast 
contribute to the 
the higher density foams 
suld be eadily dissipated into the 


the low density that this effect 


low 


more Spaces 


foams so is not as 





TABLE 


Properties of Polyurethane Foam Obtained Under 
Static and Dynamic Rates of Loading 


Static ynamic 








Density, |b. / ft 





14 14 





Tensile 


Strength at Bre Si 
Elongation at Bre 


Modulus, psi 


ak, } 


ak, 


Flexural 


Strength at Break, psi 
Deflection at Break, in 


Modulus, psi 1.010 


Compressive 

Strain, parallel 82.5(5) 

126(5) 
99.3 
140 

18,500 

34.600 


Stress at 2 
, perpendicular 

Yield, parallel] 

psi, perpendicula: 


Modulus, parallel 


psl, 
perpe ndic ula 


3 out of 5 specimens yielded below 


1 out of 5 specimens yielded below 


760(3) 
3.3 
10.400 


222(4) 
1.8 
10.100 


1.040(3) 
1.8 
289.000 


1,995(4) 
0.08 
79.100 


630(3) 
0.05 
19.400 


206(5) 
0.17 
2.890 


2.070(4) 
0.11 
17.100 


514(5) 
502(4) 
1,045 
1,833 
44,600 
13,000 


347(5) 
345(4) 
671 
697 
54,400 
56,500 


102(5) 

131(5) 
102 
148 
23,000 
24.100 


1,650(4) 
1,770(4) 
2,020 
2,300 
129.000 
102.000 


129( 4) 
165(4) 
150 
513 
27.000 


29 500 
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Figure 6. Flexural modulus vs. density for polyurethane 
foam obtained under static and dynamic loading rates. 


ible in materials with densities below 14 lb./ft 


Structural Laminates 


ilts obtained on 
compressive test 


828 eacl 


I two 


iummarizes the test res 
Flexural and 
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Figure 7. Flexural properties vs. density for polyurethane 
foam obtained under static and dynamic loading rates. 
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Properties of Structural Laminates Obtained Under 
Static and Dynamic Rates of Loading 
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separated from the body of the specimen during the 
test, and this may have resulted in the lower strength 
value. 

The large variation noted in comparative compressive 
properties is attributed to the small number of tests 
averaged. While five specimens were tested for each 
material, in some instances averages were based on 
less than five tests due to difficulties associated with 
testing technique. Refinements in technique are desir- 
able to prevent misalignment of the compression cage 
and to prevent slippage of the extensometer. 


Conclusions 


In conclusion, tensile, flexural and compressive prop- 
erties were measured on polyurethane foams of 6 to 
32 lb./ft.* density, and flexural and compressive proper- 
ties were measured on a limited number of structural 
laminates. Data was obtained at static loading rates of 
0.05-0.1 in./min. with failure occurring in a matter of 
minutes and at shock loading rates in the order of 
magnitude of 2000 in./min. with failure occurring in 
a matter of milliseconds. While this work was of a 
preliminary nature, some rather interesting results were 
observed. Modulus and strength values of some of these 
materials were significantly different when measured 
at shock loading rates than when measured under static 
loading rates. Strength values of materials iz the shock 
loading range should, therefore, be considered in the 


; 
selection of resins for use in high speed applications 


and in the design of parts or structures which may be 
subjected to high rates of loading in actual use. 
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(Continued from page 34) 


tially constant over the normal ram speeds. This is 
shown graphically by the horizontal distance between 
the curves in Fig. 7. 

Thus cavity filling rate is much less affected by ram 
speed control than it is by injection pressure and cylin- 
der temperature. 


Melt Temperature Uniformity 


It has been previously shown that cylinder tempera- 
ture has an important effect on mold filling rate and 
filling pattern. However, melt temperature measured 
by a stock thermocouple in the nozzle is seldom uni- 
form. As the polymer flows through the nozzle, the 
recordec| temperature variation is often something lik 
that shown in Fig. 8 

This variation of melt temperature has a further ef- 
fect on fill pattern. The variation in melt viscosity 
caused by melt temperature variation causes the flow 
pattern to differ within the filling time. For example, 
the first resin into the mold in the cycle of Fig. 8 is 
of higher temperature, lower viscosity. Its low viscosity 
in a multi-cavity mold may allow it to flow readily 
through gates prior to filling runners. It would then 
enter the cavities closest to the sprue. Subsequently, 
resin of lower temperature enters as shown in Fig. 8 
This resin is more viscous and will not pass through 
th< gates until it has filled the runners and more pres- 
sure is applied 

The fluctuation of temperature in Fig. 8 can be evened 
out and more uniform melt be obtained by varying the 
temperature setting for the section of the cylinder from 
which the resin comes. The first resin is from the nozzle 
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and it was too hot in the cycle shown in Fig. 8, so the 
nozzle temperature controller should be turned down 
Likewise the front zone temperature should be raised 
since the material from that section of the cylinder is 
too cold 

By this method, melt of uniform temperature can be 
obtained which will fill the mold more uniformly 


Summary 


This paper gives an indication of the effect of mold- 
ng condition variables; injection pressure, cylinder 
temperature, ram speed, and melt temperature uni- 
formity on the pattern of mold filling. We have not 
attempted to indicate how these variables will affect 
the fill pattern of a particular mold. We have only at- 
tempted to show that they will affect the fill pattern 
By proper utilization of these variables, more uniform 
filling may be obtained with the accompanying benefits 
of better dimensional tolerances, better control of sur- 
face finish, and reduction of some types of molding 


detects 
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Plastics for Use as lodine Vapor Barriers 


An investigation of the effects of iodine vapor on the tensile properties and 
permeance of various plastics and synthetic elastomers indicates that few 
materials are satisfactory barriers for iodine vapor, although many materials 
have good resistance for one to six months. Lowest permeability constants 
were obtained on polyvinylidene chloride and chlorinated polyether. 


Samuel D. Toner 
Plastics Section 


National Bureau of Standards 


T HE FEDERAL GOVERNMENT maintains a con- system had proven unsatisfactory after about six years 
tinuing program tor the procurement and storage of service due to the severe corrosion of tt ip by the 
in the event of a national emergency iodine vapor. It appeared that the polyethylene liner, 
itically short supply or essential to the which was in direct contact with the iodine vapor, had 
ise. Iodine has been included in this pro- a relatively high rate of iodine vapor transmission and 
about 90°, of the crude iodine consumed was attacked to some extent by the iodine, while the 
he United States, is imported. The iodine polyvinylidene chloride film seemed to have withstood 

hipped in wooden barrels, and must be ittack and to have a lower rate of transmission 
ior to storage, for periods up to twenty A program was established to evaluate selected plas- 
been found convenient to transfer the tics and synthetic elastomers in: an attempt to find a 
for use as a barrier for iodine 
ap containing a double liner of vapor. Two properties were chosen for evaluation: (a) 
and polyvinylidene chloride film. This the effect of exposure to iodine vapor on the tensile 
properties; and, (b) the determination of the iodine 


one-gallon glass jars, using, as a closure, more suitable material 





apor permeance rate and permeability constant, fo 





TABLE | 
The Effect of Exposure to lodine Vapor On the Tensile 
Properties of Various Plastic Materials 


NBS Thick- Tensile Strength, Elongation, 
Sample ness Ib. in ( 
Designation mils Control 1 Mo. 6 Mo. Control 1 Mo. 
yt hlorofluoroethyvlens 10.9 6.100 6.200 6,100 ll 
ck 21.1 20 a b 
| Chloride 36.3 2.800 2 600 3.100 
ited Polvethe 2.5 9 500 10,408 10,200 
Rubber I 18.7 800 700 900 
Rubber II 16.! 600 600 ~ 800 
Methacrylate 32.5 9 700 8.600 9 900 
ited Polyethy] 25. 2 300 2 100 700 
luoroethylene 11 5,000 6,000 6,800 
tere Phthalate 8 21.100 20,400 20,800 
700 1.900 2,300 
700 11.300 9 700 
iden lorid 7.700 § 800 10,100 
Acetat 7.900 7,000 6,400 
| Cellulose 5! 8 400 7.200 c 
Rubbs 21.2 500 100 600 
Rubbe 1,600 600 b 
ene-Acrylonitrile 5 2,800 1,500 13,300 


D ided, could not be tested 
luded in test 


ould not be tested 
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those materials found most resistant 


iodine vapor 


Materials 

Seventeen materials, listed in Table I, representing 
most of the more common types of thermoplastics used 
in film and sheet applications, were evaluated. One of 
the materials, the silicone rubber, was obtained as two 
samples, which apparently differed only in their Shore 
Durometer hardness property. The Shore A hardness 
for sample I was 70, and for sample II was 50. In 
these materials were selected on the basis 
known chemical resistance, their use as vapo1 


and their resistance to aging 


Effects of exposure to iodine vapor 


The initial process in the evaluation of thes¢ 
consisted of exposure to iodine vapor and the 
ment of the change in physical characteristics, as indi- 
cated by the effect on tensile strength and elongation 
The tensile test specimens were sealed in a desiccato 
over, but not in contact with, solid iodine crystals, and 
exposed for periods of one and six months at 23 . 
After exposure, the specimens were visually exan 
for evidence of attack by the iodine, then plac: 
well-ventilated hood for three days, and finally 
ditioned at 23 1°C and 50 ra, relative h 
prior to testing Tensile tests were made on these 
mens and the results compared with the tensile st 
properties of control specimens, The control specimens 
had been conditioned at 23 1°C and 50 2 relatiy 
humidity. Tensile tests were made at standard yn- 
ditions for plastics, and in accordance with Method A of 
ASTM Method of Test D882-56T [1]. The 1” by 5” spe 
mens were tested using a gage length and g: 


tion of 2”, and a crosshead speed of 2 in 


iltimate tensile strength was calculated from 

ing load. The elongation to rupture was aiso 
After one month of exposure to iodine 

sample Ss, except the silicone ubbe rs, We 

stained. The polysulfide had degraded to a 

like mass and was ‘eliminated from furth« 

tion. Both butyl and neoprene rubber showe 

of minor surface pitting. After six months 

which included all samples except the px 

neoprene rubber, all of the m: 

nany exhibited a lustrous met illic 

to that observed on « rystalline, esublimed iodin 

cellulose was extreme ly brittle and b ity! ibb: 

showed evidence of pitting. Poly, 
hloride and chlo Osi 

less flexible 

hloride was 

yresumed to be « xuded pla t! 

ventilation period, the density 

decreased for all mat als. Some 

evidence of staining after this 


chlorot ifluoroethyle ne, chlorinated polye t 


ibbers I and II, polyethylene terephthalate, 
vinylidene chloride, when exposed 
polychlo otrifluoros thyl ne and sili 
IT, when ¢ XPoOSse d fo 
Stain appea ed to be pe 
at least for a perio 1 of 
stain normally was a m ’ 
nonly identified with solutions 
rafluoroethylens emained 


and polystyrene, a deep ma 
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1 
cellulose acetate, 


The results of the tensile tests are presented in Table 
I. In general, there seemed to be little effect of exposure 
on the tensile properties even after the six-month 
exposure period. Neoprene rubber showed a_ 60° 
decrease in tensile strength after one month of ex- 
posure to iodine and was eliminated from further 
tests. Of the samples exposed for six months, only the 
chlorosulfonated polyethylene and ethy] cellulose 
showed gross effects of exposure. Chlorosulfonated poly- 
ethylene lost approximate ly 70 of its original strength 
Ethyl cellulose could not be tested because of embrittle- 
ment. Butyl rubber, although apparently not affected 
with regard to its tensile strength, seemed to have lost 
1 considerable amount of elasticity, as evidenced by the 


eduction in the elongation at rupture 


Determination of permeability rates 


Permeability rates were measured using modifications 
of Procedure B of ASTM Method of Test E 96-53T 
(Ref. 2). The test disks used in these experiments were 
designed from glass, due to the highly corrosive effect 
of iodine on most metals in a 50 relative humidity 
atmosphe e. The test specimens were clamped between 
the flanged edge of the cup section and a circular uppe) 

These flanges had been ground flat to facilitate 

formation of a tight seal without the necessity of 

ng waxes or other substances which might be more 
rmeable to iodine than the test specimens 

Short-time iodine vapor permeance rates wert ob- 
tained on duplicate specimens from all samples, except 
the polysulfide and neoprene rubber. The lower part 
1e test dish wi charged with about 20 grams of 


+ 
) t 


} 

solid iodine crysta leaving an ai pace ol about i,” 
and the test Spe men. The assem- 
V weighed at intervals of three to six days 
iod of about one month. The permeability rates 
lculated from the data obtained during that 
period of time in which the rate of change in weight 

onditions 


Vapor perm«¢ ability rate studies were also made ove! 


was constant, indicating equilibrium 


i pt iod of six months on materials having the lowest 
permeability constants at the e1 of the one-month 


polye hloro- 


tests. Samples included in the study were 
Q 
fl 


chlorinated polyeth« chlorosulfo- 


t ioroethylene, 


nated polyethylene, polytetrafl ioroethylene, polyethy- 
lene terephthalate, polystyrene, lidene chloride 
ethyl celluloss buty] ibber. 
tril] 


polystyrene-acryionitril¢ 


Methods for calculating permeance rates and 
permeability constants 


The iodins vapo permeal 
) day per square neter ol 


covel 
; 


iment 


30 x 





materials may be more readily compared. The perme- 
ability constant may be calculated from the data 
obtained in the vapor permeance rate measurements, 
by means of the following equations (Ref. 3): 


PAdpT 


- 
t 


(Eq. 


(gm) (cm) 
(m*) (day) (cm. of Hg) 


Q f 


AT * Gp (Eq. 3 


permeability constant 

weight of iodine permeating specimen, in grams 

area of exposed surface, in square meters 

time covered by change Q, in days 

thickness of specimen, in centimeters 

pressure differential of iodine vapor, in centi- 

meters of mercury 
dp = p (Eq. 4) 

vapor pressure of iodine at the iodine vapor- 

plastic interface, in centimeters of mercury 

vapor pressure of iodine at the air-plastic 

interface, in centimeters of mercury 


Theoretically, the permeability constant, P, does not 
hange regardless of the variations in A, T, t, and dp 
Thus, if P is known, for a given type of material, the 
umount Q, which will permeate the material, may be 
alculated for any set of known or arbitrary values of 
A, T, t, and dp. In practice, however, P may vary slight- 
with changes in the thickness, t, so that, in Eq. 2 
the inverse proportionality of Q to t becomes non-linea 
ind @ becomes an estimated value 
When the permeability constant, P, in Eq. 3, was 
ilculated for these materials, a value of 0.0262 cm. of 


Hg was used for the quantity dp. In Eq. 4, the quantity 
py is assumed to be negligible, since, during the tests, 
air was circulated freely over the test specimens to 
prevent accumulation of iodine vapor at the air-plastic 
interface. The value for p, 0.0262 cm. of Hg, is the vapor 
pressure of iodine at 23°C, as obtained from a tempera- 
ture-log vapor pressure curve. Under these conditions, 
where dp is assumed to be equal to p, the value of the 
permeability constant, P, as calculated from Eq. 2, is 
slightly lower than the real value. 

The vapor pressure of iodine, p, is quite temperature 
sensitive at the ambient temperature used in these tests, 
exhibiting, for example, a twofold increase from 0.0200 
cm. of Hg at 20°C to 0.0400 cm. of Hg at 28°C. In the 


temperature range of 23 1°C, the allowable tempera- 


ture variation in the conditioned laboratory, p varies 
from approximately 0.0240 to 0.0285 cm. of Hg, which 
is sufficient to cause a change in the calculated value 


for P of approximately + 9% 
PI ‘ 


Results of the iodine vapor permeability 


rate determinations 

The iodine vapor permeance rates and the perme- 
ability constants derived from them are presented in 
Table II. The permeance rates were calculated during 
that period of time in which the change in weight was 
at equilibrium conditions. The time period ranged from 
14 te 28 days for the one-month tests, and from 162 
to 182 days for most of the six-month tests 

The values given in Table II for the permeance rates 
after one month indicate that there was little difference 
between most of the materials. However, by use of 
permeability constants, where effect of thickness was 
essentially reduced to unit dimensions, a considerably 
greater range in the values was obtained. 

As a result of the one-month tests, polyviny! chloride, 
silicone rubber I and II, polymethyl methacrylate and 
polyethylene were eliminated from further tests. Poly- 





TABLE II 
lodine Vapor Permeance Rates And Permeability 
Constants Of Various Plastic Materials 


NBS Iodine vapor permeance 
gm./m.*-day 
1 Month 


Sample 
Designation 
‘hlorinated Polyethe 0.47 
Polyvinylidene Chloride .70 
Cellulose Acetate 36 
Polystyrene 39 
Polyethylene tere Phthalate 50 
Polystyrene-Acrylonitril 43 
Polychlorotrifluoroethylens 
Butyl Rubber 
Polytetrafluoroethylene 
Eth! Cellulose 
Polyethylene 3 
Polymethyl Methacrylat: 30 
Polyvinyl! Chloride 3.91 
Silicone Rubber II 47.97 
Silicone Rubber I 15.95 
Chlorosulfonated Polyethylene 0.76 


a. Not included in test. 
b. Average test specimen thickness the same as shown 


in Table I 


Permeability constant 
gm.-cem./m.°-day-cm. Hg 
6 Months Month 6 Months 

0.52 0.11 0.12 
0.65 0.14 0.12 
0.61 0.37 0.62 
0.23 0.38 0.22 
0.60 0.39 0.47 
0.60 0.44 0.61 
0.68 0.50 0.72 
0.40 0.59 0.82 
0.69 0.72 0.73 
3.34 1.02 1.78 

1.81 

4.16 
13.76 
78.12 
83.30 

1.87 
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vinyl chloride did not attain a steady equilibrium state 
during the test period, but continued to lose weight 
by increasing amounts between each weighing period. 
Since an exudate was observed on the six-month ex- 
posure specimens, it appears probable that the failure 
of the specimens to reach equilibrium was due to the 
slow removal of plasticizer from the material, which, 
in turn, would leave a more porous and permeable 
structure. Although this material gave rather poor 
results, it is possible that an unplasticized polyviny] 
chloride would produce a good barrier for iodine vapor 
Silicone rubber did not appear to be affected by iodine 
vapor, but was extremely permeable to iodine vapor 
The initial rate was high but remained steady over the 
period of test. Although these materials could not be 
used as barriers for iodine vapor, they might be adapt- 
able to use in an iodine atmosphere. Polymethylmetha- 
crylate and polyethylene did not appear to be affected 
by iodine vapor. However, the permeability rates and 
constants obtained were too high for their consideration 
as barrier materials for long term storage. Chlorosul- 
fonated polyethylene did not indicate permeability to 
iodine vapor during the one-month test. The negative 
values given in Table II indicate a gain in weight of 
the test unit rather than a !oss in weight which should 
be obtained as iddine permeated out of the unit. These 
specimens absorbed a large quantity of iodine, and in 
addition gained weight from some source other than 
iodine, so that the overall gain was about 20° of the 
original specimen weight. It was postulated that the 
weight increase resulted from physical or chemical 
adsorption of atmospheric components. Since iodine is a 
mild desiccating agent it is possible that moisture from 
the surrounding air was absorbed into the specimen 

Of the eleven materials evaluated in the six-month 
tests, only three, chlorinated polyether, polytetrafluoro- 
ethylene and polyvinylidene chloride, showed essen- 
tially no change in the permeance rates and perme- 
ability constants. Polystyrene had somewhat lowe 
values compared with the one-month test, and all othe: 
materials had relatively higher values after six months 
Chlorinated polyether and polyvinylidene chloride had 
exceptionally low and essentially identical permeability 
constants. Both of these materials are inherently crys- 
talline, which probably accounts in part for these low 
values, since crystalline areas are generally less perme- 
able than amorphous areas. Both samples, as well as 
polytetrafluoroethylene, are very inert chemically. and 
this probably accounts for the constancy in the perme- 
ance values and permeability constants 

The increased values for cellulose acetate may have 
esulted from partial degradation and accelerated aging 
during the six-month test. This material appeared to 
be stiffer and to have a tendency toward brittleness 
Although the tensile strength data did not show much 
effect from exposure, there was a slight trend toward 
decreased strength and lower elongation with increased 
exposure time. 

Butyl rubber had a very low permeance rate for the 
first three months of the test, which was comparablk 
to that obtained in the one-month test. However. dur- 
ing the last three months of the test. the period in 
which the permeance rates and permeability constants 
were calculated, the rate began to increase. approxi- 
mately doubling each month. This effect. plus the sur- 
face pitting noted after exposure tests, indicated that 
this material was probably being chemically attacked 
by the iodine. 

On the basis of the longer permeance tests, ethy] 
cellulose was found to be a very poor barrier material 
to iodine vapor. The initial rate was essentially “he same 
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as that obtained in the one-month test. However, after 
an elapsed time of about six weeks, the rate began to 
increase steadily, and the test was discontinued after 
100 days. The values given in Table II were determined 
over the last 62 days of the test period. 
The data on chlorosulfonated polyethylene obtained 
during the six-month test were exceptionally high when 
compared to the one-month test results. During the 
first six weeks of the test a steady gain in weight, simi- 
lar to that observed in the short-time tests, was noted. 
When the specimen became completely saturated with 
iodine. noted by the discoloration of the air-plastics 
began to lose 


interface, the test units immediately 


weight at an accelerated rate, which essentially doubled 
each two weeks. These tests were also discontinued 
after 100 days, and the permeance values and perme- 
ability constant were calculated over the last 35 days. 


Summary 

It is apparent from the data obtained in this investi- 
gation that long term effects of exposure of plastic 
materials to iodine vapor cannot be determined from 
tests of relatively short duration. However, it appears 
that those materials which normally are chemically 
resistant and have good aging properties might provide 
good vapor barriers for several years without unduly 
harmful effects on the material. 

The data indicate that neither cellulosics no elas- 
tomeric materials of the synthetic rubber class would 
be suitable for packaging iodine. 

The halogenated materials, as a group, were found 
to be generally resistant to, and relatively impermeable 
to iodine vapor. For long periods of time, the chlori- 
nated polyether and the polyvinylidene chloride appear 
to be the best barrier materials. Where short-time ex- 
posure is required, some of the more permeable ma- 
terials might be used as vapor barriers, particularly 


f 


where materials cost might balance out the cost ol 
iodine lost through permeation. 

In actual service, these barrier materials generally 
come in contact only with the iodine vapor. Therefore, 
throughout this investigation, considerable care was 
taken to prevent the test specimens from coming in 
direct contact with the iodine crystals. All of the results 
obtained for the effects of exposure and for the perme- 
ance rates and the permeability constants may be ex- 
pected to be lower than would be obtained if iodine 
were allowed to come into direct contact with these 


materials 
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and 
static dissipating styrene molding powder 


LUSTREX LO-STAT 


Translate this test into new production economies and sales advantages: 





1, Two trays from same mold. Left: 2. Charcoal dust is sprayed on both 3. Result! Dust pattern on standard 
molded of standard material. Right: trays. tray corresponds to static electric 
molded of Lustrex Lo-Stat. charge. Tray of Lustrex Lo-Stat is prac- 
tically clean. The little charcoal re 

o maining is easily tapped off. 


Think what Lustrex Lo-Stat can mean in keeping housewares clean and appealing, 

how much longer signs, displays and packages will stay attractive. Air conditioner and 

fan grills are other moldings that will be improved. There are dozens of jobs that Monsanto 
Lustrex Lo-Stat dust-resistant styrene can do better. And production economies include 

the elimination of spraying and bathing; open storage and simplified handling. Lustrex i 

Lo-Stat is in full production. Send for a trial quantity now along with complete techni 4 
cal data. Monsanto Chemical Company, Plastics Division, Room 409, Springfield 2, Mass. 





Edited by R. D. Sackett 
Hartig Extruders 
Div., Midland-Ross Corp 


SPEAKING of EXTRUSION 


The Plastics Extruder and the Packaging Industry 


Albert A. Kaufman 


Prodex Corporation 


Packaging materials are one of the 
largest consumers of all thermo- 


plastic materials combined. The con- 


imption of plastics materials in 
1957 in packaging films, in vacuum 
formed plastic sheet, in plastics to 
laminates, in plastics to 
bottles, 


in bottle closures, and in plastic 


plastic 
paper laminates, in plastic 
olded packages is estimated at 330 
illion pounds. A high percentage 
the above tonnage is processed by 
in important machine—the plastics 
extrude 
The extruder, combined with spe- 
ally designed dies, take-off and 
postforming equipment, produces flat 
film overwrap, tubular layflat film 
used in bags and sacks, sheeting 
which is vacuum formed into dis- 
posable containers, plastics to pape! 
laminates used in shipping bags and 
acks, plastics to plastics laminates 
of specific materials for the best 
Typical 
examples are cellophane polyethy- 


combination of properties 


lene, cellophane/polyethylene cello- 
Mylar polyethylene. The ex- 
truder also produces blown bottles 


phar f 


and containers and extrudes rigid 
and flexible tubes which are con- 
verted into items such as cosmeti: 
cream squeeze tubes and tooth brush 
mntaine! 


Extrusion molding, which is now 
coming into its own, permits the 
production of containers of intricate 
shapes at apparently lower cost and 
investment than the injection ma 
chine 

Design and construction details of 
the extruder and auxiliary equip- 


ment will be discussed here in view 





This paper was presented at the Regional 
Technical Conference sponsored by the 
Western New England Section of SPE 


4 


of the importance of this machinery 
to the packaging industry 

Recent 
technology have resulted in a new 


advances in extrusion 
machine design. The modern ex- 
truder is built for 

1. controlled (valved) 
extrusion with working pressures 
up to 5000 psi, 

2. mechanical (frictional) heat-up 
of the plastics material to approach 
perfect adiabatic conditions, 


pressure 


3. higher screw rpm, handling 
more horsepower with high material 
transit velocity, 

4. length diamete: 
least 20:1 but in many cases 24:1, 

5. extraction and degassing of en- 
trapped volatiles (venting), 

6. ease of analysis and repeatabili- 


ratios ol at 


ty of extrusion conditions through 
better instrumentation, and 


7. new polymers requiring con- 


tinuous operating temperatures of 
about 620°F at pressures of 5000 
psi 

Valved extrusion with 
pressures up to 5000 psi results in 


r 
greatly product quality 


working 


improved 
and regularity as well as in signifi- 
cantly higher output rates. These 
relatively high working pressures 
require stronger thrust bearing as- 
stronger cylinders, and 
gate and die holders which must be 
these 
Some quick acting head clamp de- 


semblies, 


constructed for pressures 
signs are easily deformed at these 
working pressures, resulting in un- 
ontrollable 
The thrust bearing life of 


leakage and material 
waste 
yesterday's machine at such pres- 
sures would be less than 2000 hours 
It should be kept in mind that in 
pressure, the 
ing pressure, the bearing life is re- 


doubling working 


duced to one eighth 


The modern extruder and, parti- 
cularly, the extruder screw are de- 
signed to approach perfect adiabatic 
extrusion conditions. The mechan- 
ical (frictional) heat-up of the 
plastic material to a uniform melt 
temperature is supplied by the mo- 
tor. Since plastics materials are poor 
conductors of heat, mechanical heat- 
up is more uniform and efficient 
than heating by conduction or radi- 
ation. 

Adiabatic extrusion 
generally more shallow and handle 
more horsepower because of the 
higher speed of rotation. Product 
uniformity and high efficiency are 
the main advantages of high periph- 
eral speed adiabatic extrusion. An 
adjustable valve controls tempera- 
tures of the extrudate 

A properly designed high-speed 
extruder screw will have a low in- 
ventory and a high transit velocity 
of the plastic. In general, the melt 
temperatures are somewhat higher 
Since material degradation is a 
function of temperature and time, 
the conditions in a high-speed mod- 
ern extruder are more favorable 
because of its low material inventory 
and high transit velocity. 

Many modern extruders have a 
two-stage screw with or without a 


screws are 


degassing opening in the cylinder 
(vent) combined with a valve. The 
two stage screw permits the use of 
color dryblends and does better dis- 
persion and mixing than a single 
stage screw. With the vent open, 
predrying of materials is not neces- 
sary. Humidity, entrapped air and 
other volatiles in the powder blend 
or granules can be extracted through 
the vent opening resulting in clean 
non-porous extrudates. The vented 
machine is now widely used in the 
production of high impact styrene 
and ABS polvmer sheeting. It is also 
a better machine for the production 
of rigid and flexible PVC film from 
powder blend. An adiustable valve 
in combination with the two stage 
vented machine is alwavs necessary 
in order to balance the delivery be- 
tween first and second stages inde- 
pendently of die back pressure. The 
outout of the vented extruder is 
independent of die back pressure, 
since the first stage screw alone de- 
termines outnut. There are certain 
avvlications where a vented machine 
is not necessarv. However, the extra 
length of L ‘D 24:1 and the possibil- 
using the vented extruder 
easily as a closed machine makes it, 


itv of 


in most cases, more desirable 
Modern extruder instrumentation 

is one of the great steps forward 

Heretofore, we relied on precise in- 


(Continued on page 56) 
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(Continued from page 54) 


struments controlling the steel tem- 
ot the cylinder only. Today, 


we read the actual meit temperature 


perature 


at one or more points with thermo- 
the 


pressure 


immersed in melt 
We 
the machine with the help of silicone 
hiled 


coupies 


strean observe inside 


pressure gauges O1 transduc- 


ers. We measure power input with 
a wattmeter and screw rpm with a 
tachometer. The small expense for 


these upplementary instruments Is 


justified by the ease of analysis and 


repeatability of extrusion conditions 


Conciusively, it can be said that, 
thanks to the above explained ad- 
vances in extrusion technology and 
extruder design, the quality, as well 
output the modern 
same 


rate of 
extruder the 
screw, have been greatly increased 
Some typical production figures: A 


as the 


for diamete1 


modern 21'-in. extruder extrudes 
155 lbs. of polyethylene flat film 
0.0005” or 0.001” thick, 36-in. fin- 
ished width, with a tolerance of 
0.0001”. A 4%-in. vented extrude: 
delivers over 600 lb./hr. of high im- 
pact styrene in thin sheet 0.020” 


thick, 48” wide, with a tolerance of 
~ 0.0015” 

The second part of the extrusion 
installation is the haul-off. It should 
be stated in advance that in dies and 














tion of heating or cooling media. 
Double shell rolls are recommended. 

Pneumatic or hydraulic pressure 
loading of chrome rolls, laminating 
or embossing rolls and rubber haul- 
off rolis is necessary for repeatable 
operation. The synchronized drive of 
the roils should be controlled by 
adjustable speed drives with good 
speed regulation. The construction 
of the roll should be such 
that roll removal and exchange can 
and easily 


frame 


be performed quickly 
The heat transfer system has to be 
should be con- 
controllers 


fast reacting and 
trolled by 
rather than by mercury bulb con- 
trollers. The and 
velocity must permit high speed cir- 
the heating or cooling 


electronic 
pump capacity 


culation of 


The ivailability of many new 
polyme! with higher moleculai haul-of mechanisms, the best pos- medium. Pumps and pump motors 
weight, higher heat resistance and sible iy.-trumentation and control should be easily accessible for main- 
higher melt temperature had to be systems are essential to handle the tenance and repair. For high speed 
considered in the design of the mod- high output rates of the modern ex- wind-up, turret winders driven by 
ern extruder. Todav’s machine must truder easily, automatically and with constant tension motors are recom- 
be capable of operating continuously close tolerances. Die temperature mended. In many cases, it is neces- 
it temperatures around 625°F, and controllers for sheet and film dies sary to mount the entire haul-off 
it pre ires of 5000 psi. Expan- should be of the electronic propor- mechanism on rails to permit easy 
sion of the machine elements has tioning type. Melt thermocouples roll changes, die changes or extrud- 
become an important factor. Gear should be mounted in the cente) er screw removal 
trans! ons must be strong enough and extremities of the manifold o1 Beta Ray or air gauge thickness 
to handle the horsepower at lowe feed channel of the die. Pressure indicators are to be used wheneve! 
nput weeds. Screw and cylinde: gauges at these points are also de- possible. They give a continuous 
ist be constructed not to lose thei: sirable. Die lip adjustment with picture of sheet dimensions. They 
original hardness and friction char- micrometric adjusting screws are make possible very fine die adjust- 
icterist This has put forward ; desirable. Heater location and elec- ments which result in closer toler- 
erious objection to fame hardened trical wiring should permit die dis- ances and material savings. These 
v flights which do not maintain assembly for cleaning without re- instruments pay for’ themselves 
th lesired hardness of, at least, moval of heaters or wiring. In blown quickly. 
Rockwell C-50 at these tempera- film dies, center feed is preferabl There are available continuous 
tures. Screw flights either hard sur- tc side fed dies. Recent work seems vacuum forming systems which take 
ed with tungsten alloys, or ni- to indicate that precentered blowing advantage of the residual heat in 
trited are more suitable for these dies without any die or core center- the extruded sheet or film and pro- 
temperatures. To summarize, the ing adjustment show great promise duce continuously vacuum formed 
high torque requirements of these The sheet haul-off and (if used) disposable containers or packages at 
ve viscous materials require con- laminating unit should have the very high production rates. Such 
iderably stronger machine compon- following characteristics. The roll disposable containers are being 
ents throughout in gear transmis- diameter should be large enough to 
ions, in thrust assemblies, in screws guarantee adequate cooling at high 
ind cylinders and in head gate output rates. The roll construction (Continued on page 58) 
emblies. should permit high velocity circula- 
= FP. wronauic a 
{ | N | MOLD ACTION 
1 Re it ——- ~ a 
bi | C= . —<— 
— ~ ‘ 
| 7 
7 , MOLD he —,, — 
i CLOSING ce = - 
rid FINISHED FORM a 2 
i ae r 
MOLD OPEN | MOLD CLOSED © 3 ee _— = 
@ EJECTING (\ & BLOWN : act « 
\ fs . . 
« “ T = = 
= — = 4 . = 
— Cy 
r a - > « = 
y ; ad Pamson we * ‘ y 
MOLD _ ae eRefome TAGE 2 : es” STAGE 5 
OPENING s 
TRANSFER BLOW MOLDING 
SEQUENCE OF OPERATIONS J 
Figure | Figure 2. 
<6 , . 
) SPE JOURNAL, January, 1959 











The 


NEW 


PRODEX 





HENSCHEL 


MIXER 


THE NEW PRODEX- 


is used successfully in many installations here and abroad to prepare compounds ready for extrusion and 
molding, such as: unplasticized rigid PVC dryblend, plasticized PVC dryblend, polyethylene colorant 
powder mix, cellulose acetate dryblend, PVC record compound, etc. 

The PRODEX-HENSCHEL MIXER performs intensive dryblending and thorough dispersion of colors, pigments, 
fillers, stabilizers and/or plasticizers with plastics powders or granules. 

It permits, if desired, the mechanical (frictional) heat-up of plastics powders faster and more uniformly than 





by conduction or radiation. 
The unique principle of fluidizing dry powders so that they can be mixed like liquids, plus controlled shearing 


action, result in mixing quality and mixing speeds heretofo’ not obtained. 


Design and Operation of the PRODEX-HENSCHEL MIXER 





A cage-like ring of pins rotates concentrically around a stationary ring of pins. The rotating 
member also carries specially shaped blades and impellers which aerate and propel the 
powders to be mixed. The action is similar to that of a high-speed stirrer. The aerated powders 
or granules flow downward through the center of the rotating ring and pass through the zone 
of shearing between the rotating and stationary pins. The blend then moves upward along the J 
wall of the mixing chamber. The entire batch rotates slowly around the axis of the mixing 
chamber. The rotating member of the mixing mechanism is usually operated at peripheral speeds 
of 100 to 200 ft/sec. The spacing between the rotating and stationary pins determines the shear- 
ing action. The shearing action controls mixing and dispersion as well as mechanical heat-up. 






































NEW APPLICATIONS OF THIS NEW MACHINE ARE FOUND DAILY. INVESTIGATE HOW IT COULD 
INCREASE THE EFFICIENCY OF YOUR PROCESS. ARRANGE FOR A DEMONSTRATION WITH YOUR MATERIAL. 





ASK FOR 


PRODEX CORPORATION ae 


FORDS, NEW JERSEY - Hilicrest 2-2800 mM) 


Manufacturers of Process and Extrusion Machinery 
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THE ONE PLASTOGRAPH 


DESIGNED EXPRESSLY 
TO MEASURE THE 
PROCESSABILITY 
OF ALL PLASTICS! 





Here's the new C.W. Brabender Plastograph 

a versatile, heavy duty instrument with multiple 
or variable speeds. It accurately records the de- 
formation and plastic flow of all polymers at 
temperatures os high as 575° F. Before your eyes 
the NEW C.W.B. Plastograph d’splays the curves 
showing plastic range, stability, cross-linking and 
decomposition as affected by the base resin and 
additives. These phenomena are charted in use 
ful, meaningful processing terms of deformation 
power (meter grams/second of torque 


Visiting the SFE National 
Technical Conference? 
Put South Hackensack on your itinerary 


See the Plastograph and other 


C. W. Brabender Instruments 
for the Plastics Industry .. . 





RAPID VOLATILES TESTER 
Semi-automatic. Tests volatiles of one to ten sam 
ples with accuracy of 0. Determines the 


residual monomer during the polymerization re 
action. German made counterport is the German 
plastics industry standardized volatiles tester 


VISCOGRAPH 
CONTINUOUS PROCESS 
RECORDING VISCOMETERS 











SEE FOR YOURSELF: Bring or send us your 
samples for free testing. Write or call for 
technical application bulletins 








Instruments. Inc 


SOUTH HACKENSACK, N.J. 
53 E. Wesley St., Diamond 3-8425 


European enquiries should be addressed to: 
Brabender o. H., Duisburg, West Germany 
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made at present at production rates 
of 20,000 parts per hour and more. 
Some typical examples are drinking 
cups for hot or cold drinks and ice 
cream containers. Many new ave- 
nues for the packaging field have 
been opened by the combination of 
extruder and continuous vacuum 
former. 

Recently, roll haul-off of poly- 
ethylene flat film extrusion is pre- 
ferred to water quenching. Better 
control of thickness, of cooling and 
higher production speeds seem to 
indicate that the higher capital in- 
vestment for this type of production 
is justified. Furthermore, the roll 
haul-off makes possible film pro- 
duction with embossed patterns. 

The extruder also made possible 
high speed blown bottle production 
Plastic bottle blowing is not only 
limited to the well known squeeze 
bottle of polyethylene but is also 
being done successfully in unplas- 
ticized rigid PVC and in nylon. 
There are a number of patented o1 
non-patented bottle blowing proc- 
esses. Most of these are based on the 
continuous extrusion of a tubula: 
preform called a parison. (Fig. 1) 
This continuously extruded tubular 
preform enters open molds vertically 
or horizontally. The molds mounted 
on a ferris wheel or turntable move 
continuously in a vertical or hori- 
zontal plane. A mechanism 
and closes the molds in a prede- 
termined cycle. The hot parison en- 
ters the open mold. The mold halves 
in closing seal and pinch off the open 
ends of the parison. At this moment, 
air is injected, expanding it against 
the walls of the mold. After a short 
cooling time, the mold opens and 
ejects the finished bottle. Trimming 
of the bottle neck is a secondary op- 


opens 


eration 

Others use laterally reciprocating 
molds instead of the continuously 
moving mechanism. (Fig. 2) This 
method is preferred for large parts 
Multiple head valved _ extrusion 
molding has been adapted to blow 
mold finished bottles without the 
necessity of trimming. The extruder 
is equipped with a multiple head 
and runs continuously. Each outlet 
has a shut off valve which is actu- 
ated in an automatic cycle as fol- 
lows: 


1. The valve on one head opens 
and fills a preform mold in the form 
of a test tube around a rod. The 
valve closes when the cavity is filled 
and the valve on the next 
opens and so on. 


mold 


2. The mold opens and the rod 
with the preformed parison is trans- 
ferred to a mold having the shape 
of the finished product. The clamp- 
ing of this mold forms the finished 
neck of the part and air is injected 
through the rod to expand the pari- 
son into the mold. 

As can readily be seen, very fast 
cycles can be run with comfortable 
cooling time. Fewer molds are nec- 
essary. 

Today’s heavier, stronger extru- 
sion machines, better instrumenta- 
tion, more automatic haul-off, ob- 
viously, cost more money in initial 
capital investment. So a question of 
economics imposes itself. Is it worth 
all of this money? The answer is, 
emphatically, yes. If you have yes- 
terday’s equipment, you must ask 
yourself if you can afford to keep 
it in production. Yesterday's 4%-in. 
extruder produces high impact poly- 
styrene sheet at a rate of 400 lb ‘hr. 
Today’s modern installation pro- 
duces 600 lb/hr. with tolerances of 
+0.0015” on a sheet of 0.100” thick- 
ness. Calculate what this increase 
in production of 200 lb/hr. really 
means in dollars and cents, using 
the basis of $0.35/lb material cost 
and $0.51/lb sales price. Keeping in 
mind that the margin of $0.16 lb 
includes labor, overhead and profit. 

a. Yesterday’s machine returns 
100 lb/hr x $0.16 or $64.00 hr 

b. The modern installation returns 
600 Ib/hr x $0.16 or $96.00 hr 

Therefore, every hour of produc- 
tion yields $32.00 more. In 5000 
hours a year, this is $160,000.00. But 
since all labor cost and overhead 
were paid in full on the first 400 
pounds of production you used to 
get, the entire $16,000.00 is pure 
profit except, of course, for the cost 
of the new installation 

An elaborate modern installation 
costs about $60,000.00 with Beta Ray 
gauge. Therefore, the installation 
has completely paid for itself in four 
to five months and has added $100,- 
000.00 in net profit. 

If the technical aspects of the 
modern extruder as outlined above 
are not impressive, the economic 
considerations are dramatic enough 
to answer the question, “Can we 
afford to keep yesterday's equip- 
ment in today’s production?” 


* * * 
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ELECTRIC SHAVER HOUSINGS 


... the tough new plastic for 


Write for IMPLEX booklet, technical a lance on specific application 


Tough IMPLEX, a modified acrylic for injection molding, 
offers cost reduction opportunities to manufacturers of 
many types of home appliances. What’s more, cost reduc- 
tion may be accompanied by performance improvement, 
for IMPLEX has a remarkable combination of physical 
properties. It imparts excellent resistance to impact, 
staining and corrosion . . . exceptional toughness, stiffness 
and dimensional stability ...high surface gloss. . 
freedom from unpleasant odor. IMPLEX can be molded 
accurately to complex shapes. 
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COMBS FOR HAIR CLIPPERS 


ELECTRIC IRON DIALS 





TV SELECTOR DIALS 


appliance parts! 
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salified IMPLEX molders, 


Chemicals for Industry 


IKI ROHM & HAAS 


COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 





i countries 


Representatives in principal forerg 


Canadian Distributor: Crysial Glass & Plastics, Ltd., 130 


Queen's Quay East, Toronto, Ontario, Canada. 
IMPLEX is a trademark, Reg. U.S. Pat. Off. and in 


principal foreign countries. 





FOR TOP QUALITY 
NYLON MOLDINGS 


CuaLow COST 


INJECTION MOLD 
TEMPERATURE 
CONTROL 


——— Quick Positive 
HEAT 


Only 15” x 222" 
Floor Space 


Lowest 
Maintenance 


Features 
Range 50-250 . 20 GPM, \% 
HP Pump. 4500 Wott Heater 
Extra heavy duty relay 
Holds heat 2 Performs 
the same job as big costly 
units. Closed circuit. Trouble 


free 


Low Cost Model 


Price Complete 
220 volt; 60 cycle; 1 phase 


$369.20 


FOR CLEAN — FAST 
hake), Bei ti lel. fe 


23 MODEL M-3 


The most popular — 
and most 
copied 
“Beside The Press” 
GRINDER! 


The IMS M-3 614” x 
rugged 
in design. Easiest to 


7” throat 
sprue grinder 
simple 
clean. Built-in throat clearance 
bor. Casters, Catch Pan and 
Starter 


. 
Price Complete with 1HP Motor 
Same but with 2HP Motor . 


$598.50 
$645.00 





C23 MODEL M-1 


PORTABLE 
BENCH TYPE 
SPRUE 
GRINDER 


Big 6%," « 7” throat, compoct sprue grinder 


Uses % or |HP motor; snap off hopper. Ideal for 


building into special automatic molding setups 


$385.00 


No motor furnished, specify your motor shaft size 


INJECTION 


3514 LEE ROAD ° 


Price Complete 


Send for Our Plant 
Equipment, Nozzle 
and Heating Cylin- 
der Catalogs Today! 





ca AUTOMATIC 


INJECTION 
MOLD 
TEMPERATURE 
CONTROLLER 


HEATS 
AND 
COOLS 


WITHIN 1 DEGREE 
Features 

Single Automatic Control for 
both 
Heavy duty 
Pump. Cooling coils permit 
closed circuit recirculation of 
heat transfer medium, and 


heating and cooling 
relay. Ye HP 


require water and drain con 
nections for full automatic 
Operation 


Automatic Model 


Price Complete ........... 
220 volt; 60 


MOLDERS SUPPLY CO. 


WYoming 1-1424 e CLEVELAND 20, OHIO 
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Edited by Louis Paggi, Consultant 
E. I. du Pont de Nemours & Co., Inc 


{Inswers to Your Molding Problems 


Question 
What is the best and most eco- 
nomical procedure for purging a 
cylinder during a color or a material 
change? 
(Name withheld by request) 


Answer 
The material to be purge 1 { 
the plast fying cylinder should be 


allowed to melt as thoroughly as 


possibl petore any attempt to 
purge 
The first and second air shots 


. , 
should be taken at reduced pressure 


with a slow plunger to avoid spat- 


tering of hot molten plastic. When 
the stream of molten materia] leav- 
| j 


IS sSmootn and un- 


ing the nozzle 


aes , 
broken by entrapped gases, ail 
shots, taken in rapid succession 
should continue using full injection 


pressure. Purging under these con 


ditions should proceed until plunge: 
stalling due to 


motion approaches 


the resistance caused by unmelted 
molding powde1 The entire above 
vlinde: 


VCE Ls epeated 


Since th ying material will 
not be € xposed to heat long enough 
o melt, it will more readily scour 
the well melted material from ths 
cylinder walls 


When the 


limitations 


uppe molding temper- 


ature prevent direct 


purging with the new material, an 


intermediate material such as poly- 


ethylene, which is stable over a 





wide temperature range, should bs 
ised to purge the cylinder. The 
oly remaining in the cy! 
nde n turn be purged with 
ac ' any plastic compositio1 
sed for molding 
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The exact time and temperatu 


conditions cannot be given sinc 


they will vary with type and capa- 


city of machine as well as with the 
ympositlor of the plastic 
The Edito 
Question 


Dirt marks in moldings can have 
a variety of causes, contamination 
of the molding powder, degradation 
in the cylinder, etc. Is there any 
simple way 
of dirt? 


to establish the source 


request) 


Answer 
] 1S Vays po sibk to de- 
exact Cause ol con- 
tam it noldings by Inspe 
tior t lowing prin l 
\ ] elp ) yw the choi ( 
tan ) 1 occurs In tne ) 

i art l neating 
( om hold- ip at a looss no; 

) streamlining hot spot, etc.) 
vill not be distributed through thx 
resin and will appear in the sprue 
as a thin line. This thin line may 
tend to spread as it advances 
the cavity. Contamination from re: 
or the cylinde will appear as 
smea evel lr the sprue beca 1S¢ 
f the greater blending which ha 
oC irred. Dirt in the molding pow- 

ay behave like contamination 
om the ea of the cylinder, but 
t of dirt (carbonaceous) 

il emé as discrete partk les 

Ind dua irticles o flakes 
» De dus to Nn ] 
rial M ich Wa 
iO ( I ie cylinde Vallis 
I VI Rode Salk Nel ‘ 








Authoritative 


Answers 

Mr. Paggi 
thirty-two 
experience 
duction, thirteen years in re- 
search and thirteen years in 
sales service. In addition, the 
specialized others 
with many years of molding 
experience are available to 
you through “Molding Cy- 
cles.” Send your questions on 


brings to you 
years of plastics 


SIX years In pro- 


talents of 


molding to Louis Paggi, Sales 
Service Laboratory,  Poly- 
chemicals Dept., E.I. du Pont 
de Nemours & Co., Inc., Wil- 


mington 98, Delaware 











Question 
I have seen the three terms— 
plasticize, plasticate, and plastify— 
used interchangeably to refer to the 
melting of a resin in an injection 
molding machine. Are these terms 
equivalent; if not, which is correct? 
(Name withheld by request) 


Answer 

The Modern Plastics Encyclope- 
1959, defines these 
“Plastics 


dia. Issue for 
terms in the 
page 580: 
Plasticize—To 
and make it 
either by means of a plasticizer o 


Glossary, 
soften a material 
plastic or moldabie, 


the application of heat. 
Plasticate—To soften by 
kneading. Synonyms are: plastify 
ux, and, (imprecisely) plasticiz 
Plastify is not defined other than 


heating 


) 
{} 
ii 


as a synonym for plasticate 
The word plasticize would seem 
to be the poorest choice to mean 


soften by heating, since it is mort 


ommonly used to mean _ soften 
with a chemical agent (plasticizer) 
The notation that plasticize is used 
mprecisely as a synonym for plas- 
ticate in the above definitions also 
liscourages the use of plasticize in 
Eithe plastify ol 


although th 


this sense plasti 


te are acceptable, 

1uthor encourages the use of plas- 

ticate (ending like masticate) when 

nechanical working as well as heat 

employed to soften the resin and 

(ending like 
heat 


night, therefore, speak of plasticat- 


] 


plastify liquify) to 


nean solten by alone. One 
ing a resin in an extruder where 
nechanical working and heating ar« 
both 


important, and plastifying ir 


an injection cylinder 


T. M. Rode 
Sales Service Laborato 


E. I. du Pont de Nemours & Co 
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For plastic coating 


e)anle) ane i dial. mee le) 


For vinyl plastisol 
Sealing rings 
n jar lids 


For all these and many other plasticizer applications you should 
investigate the nontoxic, odorless Pfizer Citroflexes. 

Citroflex A-2 (Acetyl Triethy] Citrate) for cellulosics is especially 
suited for use in plastic food wraps such as cellulose acetate packages 
for processed meats, doughnuts, etc. 

Citroflex A-4 (Acetyl Tributyl Citrate) for polyvinyls is used in 
such vinyl products as food container coatings, bottle crown liners 
and for food-jar-cap sealing rings. 


Both Citroflex A-2 and A-4 are nontoxic and odorless. They are 


accepted by the Food & Drug Administration for use in plastic pack- 
aging of both fatty and non-fatty foods. 


astisol4ined 


elaei aah 


Science for the 
World's Well-Being 


Chas. Pfizer & Co., Inc. 
Chemical Sales Division 
630 Flushing Ave., Brooklyn 6, N.Y 
Branch Offices 


Chicago, Il.; San Francisco, Calif 
Vernon, Calif.; Atlanta, Ga.; Dallas, Tex 


SPE JOURNAL, January, 1959 





a O) 4 tt ef od | 4, Fed = 





Edited by Irvin Wolock 
U.S. Naval Research Laboratory 





Crystallization Kinetics in Polymeric Systems 


L. Mandelkern 
National Bureau of Standards 


Introduction 


Polymer molecules are endowed with a unique set 
of structural features which arise primarily from the 
fact that each molecule is composed of a large number 
of covalently linked units. Despite this uniqueness of 
structure, polymer systems still possess the capacity 
to exist in different states. For a bulk polymer, two 
distinct states of vastly different properties can be 
distinguished. One of these states, the amorphous o1 
liquid state, is characterized as the state of configura- 
tional disorder. Because of the freedom of rotation of 
the individual chain atoms about their connecting bonds 
a polymer molecule is capable of assuming a large 
number of configurations. In the amorphous state there 
is no significant correlation between the configurations 
assumed by the individual molecules so that this state 
is characterized by the random, haphazard arrange- 
ments of the polymer chain units and an entangled, 
disordered array results. On the other hand, under 
appropriate thermodynamic conditions a spontaneous 
ordering of portions of the molecules is possible for 
systems which are composed of units of reasonably 
regular structure. This latter state is termed the crystal- 
line state, and a discussion of the mechanism and 
kinetics of the transformation from the amorphous to 
the crystalline state is the subject of the present review 

In the crystalline state the polymer chains or portions 
of polymer chains are constrained to lie parallel to one 
another in conformations dictated by stereochemical 
requirements. The lateral arrangements of repeating ele- 
ments are such that corresponding substituent groups 
along the different chains are also brought into align- 
ment. Thus, full three dimensional order can be achieved 
during the crystallization of polymers. X-ray diffrac- 
tion patterns of bulk polymers in the crystalline state 
display, however, both the relatively sharp features 
typical of diffraction by an ordered array as well as the 
more diffuse characteristics typical of diffraction by 
liquids. Other types of physical measurements confirm 
these observations and support the contention that the 
crystallization is not usually complete in a polymer 
system (Ref. 31); (Ref. 14). Depending on the polymer: 
type and the conditions that prevail during the crystal- 
lization process, the amorphous content may vary from 
10 to 90% of the sample. Thus complete attainment of 
crystallinity is rarely, if ever, achieved in a polyme: 
system. 

Equilibrium considerations have led to the conclusion, 
however, that for polymers of high molecular weight 
and of regular structure relatively high degrees oi 





Reprinted with permission from Doremus, R. H., Roberts, B. W., 
und Turnbull, D., Editors: Growth and Perfection of Crystals 
1958, John Wiley and Sons, Inc. (Proceedings of the International 
Conference on Crystal Growth, Cooperstown, New York, August 
1958.) 
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crystallinity should be attained (Ref. 11). The failure 
of the degree of crystallinity to reach the predicted 
high level can be attributed to kinetic factors. During 
the perfect crystallization of a polymer a large num- 
ber of consecutive units from the same polymer chain 
must enter a given crystallite in a systematic fashion. 
Since the melt from which the transformation 1s occur- 
ring consists of an entangled collection of units, the 
continuous addition of successive units becomes a diffi- 
cult process. In particular, if the entangled portions of 
the molecules are between two crystallites it is virtually 
impossible for the necessary adjustments in configura- 
tion to occur. Thus the final state that is attained re- 
sults as a compromise between the requirements of 
thermodynamic equilibrium and the mechanisms in- 
volved in the transformation. 

The estimate of the size of the crystalline regions 
in polymers indicates that they are much smaller than 
the extended length of a molecule, which is usually of 
the order of several thousand Angstrom units. Thus 
only portions of a polymer molecule participate in a 
given crystallite. The remainder of the chain units are 
either in the amorphous regions or are participating in 
other crystallites. Schematically, one can envision the 
partially ordered state as being comprised of crystallites 
imbedded in amorphous regions, with the two regions 
being linked together. Though x-ray diffraction pat- 
terns of polymers, crystallized solely by cooling, indi- 
cate that on the average the crystalline regions are 
randomly arranged relatively to one another, micro- 
scopic examination and the fact that crystalline poly- 
mers are usually opaque indicates a larger organized 
structure than is estimated from the crystallite size 
These organized structures have been termed spheru- 
lites and can be considered to be a collection of locally 
oriented crystallites and their attached amorphous 
region. Spherulitic structures have been observed in 
such a wide variety of the crystallizable polymers that 
it appears to be a characteristic mode of polymer crys- 
tallization (Ref. 5), though its occurrence is not unique 
to chain molecules 

The crystallinity of a polymer disappears above a 
well-defined, characteristic temperature and is accom- 
panied by the conventional structural and thermo- 
dynamic changes. On melting, latent volume and en- 
thalpy changes are observed; there is a marked decrease 
in the mechanical strength of the polymer and the x-ray 
diffraction analyses indicate that a crystal-to-liquid 
transformation is occurring. Despite this close simi- 
larity with the melting of low molecular weight ma- 
terials there has been a reluctance to regard this 
transformation in polymers as a phase transition. How- 
ever, recent theoretical and experimental investigations 
have shown that under appropriate conditions the last 
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traces of crystallinity disappear abruptly and at a well- 
defined and reproducible temperature. This tempera- 
ture, termed the equilibrium melting temperature T 


f 


Or a pure homopolyme: can b considered to be repre- 
entative of the corresponding temperature for the 
hypothetically perfect macroscopic crystal. It has also 
been shown that this temperature is depressed by 


diluents in accordance with the thermodynamic require- 


ents of phase equilibria (Refs. 12, 14, 31). The assig 


nt of 7 for a given polymer, and the determination 
thermodynamic analys of the heat of fusion pe. 
unit, requires that the fusion process b 

it very slowly o that the most perfectly 
ystalline structures are developed A result 
onvenient, but mandatory, procedure is that 
equilibrium melting temperature may be 

ees higher than that which is determined 
careful experiment. Though the equilibrium 
iperature is a very well-defined quantity, its 
letermination in polymeric systems is difficult 
present review, the kinetics of the transforma- 
the amorphous to the partially crystalline 
irious types of polymeric systems will be 

It is hoped that from a consideration of the 
ental results and their analyses, an insight can 
into the mechanism involved in the crystal- 
ocess and a basis developed for inderstand- 
ilting morphology. Rather than attempting 

ive compilation of all the work that has been 
this field, consideration will be limited to 
<periments and the principles that can bi 


om them 


CRYSTALLATION KINETICS OF 
HOMOPOLYMERS IN BULK 


A. General Considerations 


<perimental observations of the mode of de- 

nt of crystallinity in polymer systems have 

ted in the main of two general types. One type 
been concerned with assessing the isothermal rate 
which the total amount of crystallinity develops from 


recooled liquid. In carrying out experiments of 








Figure 1. Plot of quantity (V,-V:)/(V.-V.) against the 
time for the crystallization of a linear polyethylene. Tem- 
perature of crystallization is indicated for each isotherm 


(Ref. 33) 


this type it is necessary to follow the changes of a 
property very sensitive to crystallinity, such as meas- 
urements of the density, and in some favorable cases 
the changes in an infrared absorption band can be used. 
The other type of observation consists of the direct 
microscopic determination of the isothermal rate of 
spherulitic formation and growth. As will be seen sub- 
sequently a definite connection exists between these 
two types of observations, and in the main they com- 
plement each other 

The isothermal rate at which the total amount of 
crystallinity develops in a homopolymer follows an 
almost universal pattern, which was first observed by 
Bekkedahl (Ref. 3) in his study of natural rubber. A 
typical set of isotherms are illustrated in Fig. 1 for the 
crystallization from the melt of a linear polyethylene 
polymer, prepared by the decomposition of diazo- 
methane (Ref. 33). Changes in the specific volume were 
itilized to follow the development of crystallinity, and 
a plot is made of the normalized volume change against 
the time for each temperature of crystallization. In this 
plot V 


final specific volume and V, 


represents the initial specific volume, V, the 
the volume at time t. In 
these experiments, when the polymer sample is quickly 
transferred from a temperature above the melting 
temperature to the predetermined crystallization tem- 
perature a well-defined time interval exists in which 
the development of crystallinity is not observed. This 
time interval depends, of course, on the sensitivity of 
the crystallinity detector. After the onset of observable 
crystallization the process proceeds at an accelerating 
rate, which is almost autocatalytic in nature, and finally 
a pseudo-equilibrium degree of crystallinity appears 
to be approached. However, the development of a small 
but definite amount of crystallinity can persist for many 
decades of time. The sigmoidal-shaped isotherms il- 
lustrated in Fig. 1 are characteristic for the crystalliza- 
tion of all homopolymers studied 

The crystallization process in polymeric systems has 
been found in general to be very dependent on the 
temperature of crystallization. The variation of the 
crystallization rate with temperature over the complete 
temperature range for which crystallization is possible, 
i.e., between the melting temperature and the glass 
transformation temperature, is typified in Fig. 2 by the 
data of Wood and Bekkedahl for natural rubber where- 


- 














Figure 2. Rate of crystallization of natural rubber over an 
extended temperature range. The rate plotted is the re- 
ciprocal of the time required for one-half the total volume 
change (Ref. 51). 
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against the 





Figure 3. Plot of quantity (V,-V,)/(V,-V 
logarithm of time for the crystallization of a linear poly- 
ethylene. Temperature of crystallization is indicated for 
each isotherm (Ref. 33 


is plotted the time taken for half the 

linity to develop as a function of temperature 
Similar behavior has been observed more rev 
a wide variety of polymer types including poly (« 
tere phthalate) (Ref. 8), poly (ethyle ne adipate) (Ret 
and poly(ethylene succinate) (Ref. 50), among oth 
At temperatures just below the melting temps : 
the crystallization rate is very slow, and for 
sonable time of observation the initial rather flat 
tion of the isotherm is the only portion observ: 
the temperature is lowered, the rate increases and 
eventually passes through a maximum. At crystalliza 
tion temperatures below the maximum, the over-al] 
rate of crystallization becomes small once again and 
this temperature interval invariably coincides with the 
temperature range in which the supercooled polymeri: 
liquid forms a glass. It should be pointed out, however: 
that for many polymers the crystallization rate becomes 
so rapid at temperatures below T,, that it has been 
impossible experimentally to observe either the maxi- 
mum or the subsequent retardation, as the temperature 
is lowered still further. In this instance, only the final 
portion of the isotherm, representing the approach to 
the pseudo-equilibrium value, is usually observed 

The extreme sensitivity of the crystallization rate to 
temperature in the vicinity of T,, can also be seen in 
Fig. 1. This polymer has a melting temperature of 
136.5°C, and at 129°C crystallinity is not detected for 
400 minutes. When the crystallization temperatur 
s lowered merely 4 more degrees the rate of crystal- 


These isotherms are superposable for at least 80 
nental difficulties, and small uncertain 
signed preclude any definite stateme 1 

portions of the isotherms are also superpos 
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Figure 4. Fit of experimental data to theoretical curves. 
Plot of (V,-V,)/(V,-V,) against log time. Dashed curves 
experimental results; solid lines theoretical curves accord- 
ing to Eq. 6 for n 4 and n 3. Short vertical lines 
along the abscisa indicate the length of one decade 


linity increases in such a manner that with the same 
sensitivity of detection crystallinity is now observed 
in 6 minutes 

In Fig. 3 the ratio of (V, V,) Cy. V,) is plotted 
against the logarithm of time for each of the crystalliza- 
tion temperatures, the polymer data being the same as 
was illustrated in Fig. 1. The major characteristics of 
the isotherms are maintained in a plot of this type, 
but the additional observation can also be made that 
the individual isotherms can be brought into coinci- 
dence merely by shifting each of the curves an ap- 
propriate distance along the horizontal axis.* (Refs. 41, 
32). This superposition of the isotherms is a unique 
property of the crystallization behavior of homopoly- 
mers provided that crystallinity develops from a homo- 
geneous supercooled liquid devoid of any vestiges of 
crystallites or nuclei. More detailed investigations have 
shown that the superposition is not restricted to the 
crystallization at temperatures in the vicinty of T°,, 
but is also found when the experiments can be carried 
out over the whole range of temperatures in which 
crystallization can occur (Refs. 19, 43). A consequence 
of these observations is that the temperature coefficient 
s invariant throughout the major portion of the process 
Therefore a single isotherm based on a reduced variable 
involving time and temperature can be constructed 
which is representative of the crystallization of a given 


homopolymer! 


B. Isothermal Crystallization 


When the experiments on crystallization kinetics are 
carried out on purified polymers in a careful manner, 
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so that degradative processes are eliminated, and if it 
is assured that one starts from the true liquid state, 
then extremely reproducible isotherms are obtained 
irrespective of the previous heating temperature (Refs 
32, 29). In addition, observations utilizing the light mi- 
croscope indicate that if the aforementioned precau- 
tions are taken spherulites appear in random positions 
after repetitive experiments at the same crystallization 
temperature (Refs. 40, 37). These results give strong 
evidence for the fact that homogeneous processes can 
occur quite generally in polymeric systems. It should 
not, however, be construed from the above that in 
many of the reported experiments heterogeneous proc- 
esses were not operative. Many experiments have been 
carried out where the melting was not complete o1 
where degradation was present, so that heterogeneous 
processes occurred. In these instances the results should 
not be ascribed to an inherent property of the polyins 

but should be related to the experimental procedure 
Specific impurities can also affect the course of the 
crystallization in polymers, as has been recently demon- 
strated (Ref. 18) 

These general observations on the nature of the crys- 
tallization isotherms and the rather remarkable tem- 
perature coefficient can serve as a basis for the 
development of theoretical isotherms. For a phase 
transformation to occur there must be both an initia- 
tion and propagation of the new phase within the 
mother phase. The kinetics of an isothermal transfor- 
mation can be described by an adequate characteriza- 
tion of the nucleation and growth processes, and there 
is no a priori reason to believe that phase transforma- 
tions in polymeric systems will not obey these general 
considerations. The superposability of the isotherms 
and its consequence, the invariance of the temperature 
coefficient, lend strong support to the assumption that 
both nucleation and growth are concurrent processes 
which are initiated at zero time. These assumptions are 
similar to those employed in the development of crys- 
tallization kinetics in monomeric material (Refs. 23, 1, 
2, 9), and the procedures developed for these systems 
have been recently reviewed (Ref. 6). In the case of 
polymers one can proceed in a similar manner (Refs. 
32, 38, 30). 

For low molecular weight materials a major problem 
has been to account for the effect of the impingement 
of growing centers upon one another. In polymeric 
systems an additional complication exists, since the 
transformation will rarely if ever be complete even if 
equilibrium is attained. Following the method of Avrami 
(Refs. 1, 2) we consider a system of mass W, in which 
the mass fraction W,/W, has been transformed at time 
t. Now, if a hypothetical analog is assumed wherein 
nuclei are allowed to grow throughout the entire sys- 
tem (including fictitious nuclei in the mass already 
transformed) then it has been shown that in the time 
interval dt 


dW, /dw’ 1 W./W (Eq. 1) 


where dW. is the actual mass transformed and dW’, 
is the mass that would be transformed if there were 
no restraints to the development of the growing cen- 
ters. In polymeric systems the effective fraction trans- 
formed will be greater than the actual fraction trans- 
formed because the transformation must be forbidden 
in certain regions since complete crystallinity will not 
be attained. It is then assumed that at any time t the 
effective fraction transformed is proportional to the 
actual fraction transformed, and the proportionality 
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factor is 1/X,,, the reciprocal of the mass fraction of 
the total system which eventually becomes transformed. 
Thus for a polymer the analogue of Eq. 1 can be 
written as 


dw, /dw’, 1— (W./W,) (1/X,,) (Eq. 2) 

If W’. (t,<) is the mass at time t of a given center, 

growing without restriction, which was initiated at time 

(+ <t), and N’(<) is the rate of nucleus formation 
(the rate of formation of growing centers) then 


| w: (t,-) N’ (<) d- 


(Eq. 3) 


t 


(< 2) | v’. (t,c) N (<) d-= (Eq. 3a) 


v 


where v’,(+,t) is the corresponding volume of the 
growing center, N (+) is the nucleation rate per unit 
volume, and ¢, and ¢.. are the densities of the polymeric 
liquid and completely crystalline polymer, respectively. 
By substituting Eq. 3a into Eq. 2, performing the neces- 
sary integrations and expressing the resulting relation 
in terms of specific volume rather than mass (other 
appropriate physical properties could equally well be 
used) there is obtained (Ref. 30). 


In (V,— Vt] /(V.— Vo] 


vo/X, (o/ 29, | wv. (t.2) N (2) dz (Eq. 4) 


0 


where V, is the final volume attained, V, the initial 
volume, and V, the volume at any time t. Eq. 4 is quite 
general and, subject to the stated assumptions, places no 
restrictions on the growth and nucleation mechanisms. 
To arrive at expressions that can be compared with 
experiment, it is necessary, however, to specify both 
the growth and nucleation processes. 

An impressive number of experimental observations 
(Refs. 39, 37, 43, 24) for a variety of polymer types 
indicate that the radius of a growing spherulite increases 
linearly with time over a wide range of crystallization 
temperatures. Thus it can be deduced that the rate of 
volume change of a growing center will be proportional 
to its surface area. This is in accord with the observa- 
tions illustrated in Figs. 1 and 3, which show that after 
the development of a small amount of crystallinity the 
process progresses at an accelerated rate. These obser- 
vations indicate that growth is not limited by diffusion 
but is controlled by processes that occur at the inter- 
face of the growing center. Therefore, it appears justifi- 
able to assume a lineal rate of growth, and though 
many different types of growth geometry can be con- 
sidered, (Ref. 38) we shall for illustrative purposes 
limit detailed considerations to spherical growth. As a 
further, though not a necessary, simplification we as- 
sume that the growth rates in the three crystallographic 
directions are identical and equal to G. Thus 


v’, (t,t) = (42,73) G3 (t—-)3 (Eq. 5) 
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TABLE | 


Homogeneous Heterogeneous 





Growth Nucleation Nucleation 
Three-dimensional 4 3<n<4 
Two-dimensional 3 246643 
One-dimensional 2 l<n<2 





The experimental evidence that homegeneous and 
reproducible processes can occur lends support to the 
validity of assuming a homogeneous nucleation process 
As a starting point in analyzing the problem, it is then 
further assumed that the steady-state rate of nuclea- 

° 
tion is reached at t = 0, and that N (-) is invariant with 
respect to time. With these specifications of the growth 
and nucleation processes, Eq. 4 becomes: 


In(V,—V,J/[V.— Vo] 


(= /3) (1/X,,) (6, /2.) NG*t! k,t* (Eq. 6) 

All the temperature dependent terms appear in the 
crystallization rate constant k,, and since N and G have 
been assumed to be independent of time, Eq. 6 is in 
accord with the observation that isotherms at different 
temperatures are superposable merely by rescaling the 
time. The value of the exponent of t in this equation, 
which we shall designate as n, is indicative of the fact 
that we have considered a homogeneous nucleation 
process with growth occurring in three directions. The 
expected value of the exponent n for other types of 
growth which are homogeneously nucleated are listed 
in the second column of Table I 

If the restriction of a homogeneous and constant 
nucleation rate is relaxed, then many other possibilities 
can be considered. If, for example, the rate of nucleus 
formation is assumed to follow a first order rate law 
with specific rate constant », or if there is initially 


present a fixed number N of stable nuclei or appropriate 
heterogeneities with specific probability » of growth 
then Avrami (Ref. 2) has shown that for three dimen- 
sional growth 


In{V,—V,]/1V.—Vp] 8x G? N/3* 
[e-* —1 + vt — (vt)2,/2! + (vt)3/3!] Eq. 7) 


When the quantity »vt is large, corresponding to the case 
of a high probability of the initial growth of all the 
nuclei present, Eq. 7 reduces to the same form as Eq. 6 
with n = 3. However, in the other extreme, if ut is 
small then a similar equation will be obtained but with 
n = 4. In this latter case the growth of all centers is 
not initiated at t = 0, and nuclei are activated through- 
out the transformation. For situations between these 
two extremes nuclei will become depleted at some in- 
termediate stage, and the value of n will be between 
3 and 4. The expected value of n for this type of process 
is given in the last column of Table I. It is clear that 
the nature of the growth and nucleation processes can 
not be elucidated from isotherms solely by specifying th« 
value of the exponent of the time appearing in Eq. 6 
The isotherms describing the two extreme cases just 
described will be superposable, while Eq. 7 is super- 
posable only if the ratio G/» is independent of tempera- 
ture 

The crystallization isotherms are most easily de- 
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scribed by specifying the rate constant k, and the time 
exponent n. For a given set of superposable isotherms 
the relative rates of crystallization can also be described 
by the time necessary for the argument in the logarith- 
mic term of Eq. 6 to reach an assigned value. It is con- 
venient to consider the quantity t,., defined as the 
time when the term [V,—V,]/[V,— V»] is equal to 
0.5. The most direct way, however, of comparing the 
theoretical isotherms with those determined experi- 
mentally is to first construct a set of theoretical plots 
of [V, —V,]/[V,—V,] against log <'/" for different 
values of the parameter n. Another plot is then made 
on the same scale utilizing the experimental data and 
having log t as the abscissa. If the two graphs are su- 
perimposed and shifted horizontally until the best fit 
is obtained, agreement between theory and experiment 
can be assessed and the appropriate values of n and k, 
determined 

This latter procedure is illustrated in Fig. 4, where 
the crystallization kinetic data for polyethylene, given 
in Fig. 3, are analyzed according to Eq. 6. The experi- 
mentally observed isotherm at 127°C is indicated by 
the solid circles and the dashed curves; the theoretical 
isotherms shifted horizontally in order to obtain the 
best fit, for values of n = 3 and 4, are illustrated by the 
solid curves. For both cases reasonably good agreement 
is obtained for the early stages of the process, the value 
of n= 3 giving a somewhat better fit. For either case, 
however, as the transformation progresses the disparity 
between theory and experiment becomes greater, the 
observed crystallization proceeding at an appreciably 
slower rate than is predicted. This type of agreement 
has been observed in other polymers as natural rubber 
(Ref. 19), another type of linear polyethylene (Ref. 4), 
and in polyester and polyamides (Ref. 32). Studies on 
poly(ethylene terephthalate) and poly (hexamethylene 
adipamide) (Refs. 20, 21) have yielded almost exact 
agreement between the experimental observations and 
theoretical isotherms of the type described of the type 
described by Eda. 6. 

The agreement between the experimental and the- 
oretical isotherms is of significance when considera- 
tion is given to the simplifying assumptions that were 
made in deriving Eq. 6. The universally observed 
superposition of the isotherms receives a natural ex- 
planation from this type of development and the 
general characteristics of the isotherm shape are ade- 
quately described. One can therefore conclude that, 
in close relation to low molecular weight substances, 
nucleation and growth processes are the basic mech- 
anisms which are involved in the development of 
crystallinity in polymers. The reason for the disparity 
that is observed as the transformation progresses is 
in need of more detailed consideration. Undoubtedly, 
better agreement could be obtained if more complex 
nucleation and growth mechanisms were considered, 
particularly if the restrictions on their constancy with 
time were relaxed. In addition, in attempting to ac- 
count for the retardation of growth of a crystallizing 
center it was assumed that the proportionality factor 
between the effective fraction transformed and the 
actual fraction transformed is independent of time. 
The validity of this assumption is difficult to assess. 

An interesting example of the physical significance 
of Eq. 6 is embodied in the experiments of Gent 
(Ref. 18) on the effect of specific impurities on the iso- 
thermal crystallization of natural rubber. For purified 
natural rubber the isotherms follow Eq. 6 with n= 4. 
However, when certain specific impurities are added in 
small quantities not only is the crystallization rate ac- 
celerated but the isotherms follow Eq. 6 with n = 3. Thus 
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TABLE |i 
Crystallization Rate Constant k, for 
Poly(decamethylene sebacate) (Ref. 37) 








eS k, (dilatometric) T°C  k, (microscopic) 
72.6 5.51 x 10°!" 72 2.03 x 10-'* 
71.6 1.30 x 10°" 71.1 6.84 x 10° 
70.7 41.32 x 10°! 70.1 1.56 x 10°'* 
69.7 1.00 x 10°'" 69.1 5.00 x 10°!” 
68.6 2.38 x 10°" 68.1 7.85 x 10-* 
67.7 1.28 x 10°° 67.1 2.02 x 10°” 
66.7 1.50x10-' 





in the latter instance, these impurities can act as pre- 
determined nucleation centers 

One feature of Eq. 6 which is not consistent with 
observation is that the transformation is predicted to 
terminate relatively abruptly. The data in Fig. 1 in- 
dicate quite clearly that this is not the case, and 
observations on many polymers indicate that crystal- 
linity continues to develop at a very slow rate for 
long periods of time over a wide range of crystalli- 
zation conditions, In fact, crystallinity has been known 
to develop in polymers for periods of years. Kovacs 
(Ref. 29) has studied this final portion of the iso- 
therm in a sample of branched polyethylene for periods 
of time up to 1000 hours and found that the volume 
decrease was directly proportional to the logarithm 
of the time 

The discussion of the isothermal development of 
crystallinity has been limited thus far to experiments 
where the over-all amount of crystallinity has been 


measured as a function of time. A similar analysis 


can be made of the experimental data determined mi- 
croscopically wherein direct measurement is made of 
spherulitic formation and growth. Usually the over- 
lappine of spherulites imposes counting and measur- 
ing difficulties so that limitations are placed on the 
range of total crystallinity developed that can be meas- 
ured reliably. In the case of polydecamethylene seba- 
ate McIntyre (Ref. 37) found that the limit of the 
microscopic method occurred at a time corresponding 
to about 5 of the total dilatometric change that oc- 


curs. It should also be noted that spherulitic structures 
are not usually resolved until they are several microns 
in diameter 

In carefully conducted experiments spherulites are 
found to develop sporadically in space at a constant 
rate. If it is assumed that a single homogeneously 
formed nucleus gives rise to one spherulite then a count 
of the number of spherulites formed per unit time should 
yield N. The quantity G can be determined in a straight- 
forward manner, and if the two quantities are com- 
bined in accordance with Eq. 6 k, can be determined. 
This type of analysis has been performed for several 
different polymers (Refs. 37, 20, 21) with good agree- 
ment being obtained for k, when determined micro- 
scopically or when deduced from measurements of the 
over-all development of crystallinity. Some typical re- 
sults are given in Table II for the data obtained by 
McIntyre (Ref. 37) for poly(decamethylene sebacate). 
The agreement between the two methods is very good, 
and it can be concluded that in homopolymers the proc- 
ess of spherulitic formation and growth and the obser- 
vation of the total development of crystallinity are 


closely related processes. 


C. Temperature Coefficient of the Crystallization 
Rate 


The data presented in the first three figures illustrate 
the marked effect of temperature on the crystallization 
rate. The tremendous variation of the crystallization 
rate constant with temperature in the vicinity of the 
melting temperature is also indicated in Table II, where 
for polydecamethylene sebacate this quantity varies by 
a factor of 10'° for a change of only 6 degrees in crys- 
tallization temperature. This phenomenon is quite gen- 
eral for bulk polymers and is again illustrated in the 
first two columns of Table III where the values of t, ‘5 
in a similar temperature interval are given for two 
different types of linear polyethylene. The large varia- 
tion of the crystallization rate with temperature is again 
apparent. If the isothermal transformation can be ade- 
quately described by the assumption of nucleation and 
growth mechanisms, the temperature coefficient that is 
observed should receive a natural explanation in terms 
of the temperature coefficient of these two processes 





TABLE Ill 


Variation of ft 


with Crystallization Temperature T for Bulk 


Polyethylenes and a Dilute Polyethylene Solution 


Polyethylene* 





Polyethylene” 


Polyethylene 





re t, » (min) oe t, » (min) zz & t, » (min) 
120 5.3 ~Y22 8.8 “OT 20 
123 13.8 123 12.5 98 34 
124 23.0 124 18.0 99 60 
125 38.5 125 26.0 100 115 
126 76 126 57.0 101 270 
27 225 127 190 102 550 
128 780 128 580 103 1,300 
129 3,400 129 3,300 104 3,200 
130 17,000 130 19,000 

(a) Polymer prepared from decomposition of diazomethane T°, 136.5 + 0.5°C. 


(b) Marlex-50 polymer, T°, 137.5 + 0.5°C 


(c) Dilute solution of linear polyethylene (Marlex-50) in 2-chloronaphthalene. 0.25% of polymer by weight, 


T 109°-110°C., 
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For a condensed system the steady-state nucleation 
rate can be expressed as (Ref. 48) 


N = N, exp[—E,,/RT—AF*/RT] (Eq. 8) 


where N, is the usual frequency factor type term that 
is only slightly dependent on temperature and E,, is the 
activation energy required for transport across the 
nuclei-liquid interface. The free energy barrier AF* 
must be surmounted for stable nuclei to be formed 
and corresponds to the maximum value in the expres- 
sion \F, for the free energy of forming a nucleus within 
the parent phase. An expression for AF* has been 
calculated for a nucleus composed of segments of poly- 
mer molecules (Ref. 30) by taking advantage of Flory’s 
statistical theory of polymer crystallization (Ref. 11). 
For a nucleus comprised of « polymer chains arranged 
in the form of a disk with % repeating units along the 
length of the disk it is found that 

AF xv, VR9—Co APF RTzlnD (Ea. 9) 
The contribution of strain free energy in the formation 
of a nucleus has been neglected, and the additional 
assumption has been made that the value of % is much 
less than the number of repeating units in the polyme: 
chains. In this expression AF, is the bulk free energy 
of fusion per mole of repeating unit, y, is the lateral 
surface free energy per repeating unit, and D is a pa- 
rameter whose value is constrained to lie btween 0 and 
1. The quantity D cannot be completely defined in the 
lattice treatment, but the major contribution to this 
term arises from the free energy difference between 
the crystallite ends and the connected adjacent amor- 
phous regions. In a formal fashion D can be written 


as (Ref. 13) 
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Figure 5. Plot of log N against (T-,, T) (1 AT)- (open 
circles); and against (T,, T) (1 AT) (solid circles) for poly 
(decamethyiene sebacate) (Ref. 15). 
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D = exp [— 2v,/RT] (Eq. 10) 
where y, is the surface free energy per unit at the end 
of the crystallite, cognizance being taken of the fact 
that some degree of order may persist for a distance 
of several units beyond the ends of the crystallite. It is 
then found that the dimensions of the critical size 
nucleus are 


ng iy /OF > 9" 4x y*,,/AF?, 
so that 
AF* = 8x v, »,2 T,,2/AH,? (AT)? (Eq. 11) 


in the approximation that AF AH,, (1— T/T°,,) where 
AH,, is the heat of fusion per mole of repeating units 
and AT is the difference between the equilibrium melt- 
ing temperature and the temperature of crystallization. 
With the exception of numerical factors Eq. 11 has the 
same form as that obtained for the formation of three 
dimensional nuclei of nonpolymeric materials (Ref. 48) 
In this development no restraints have been placed on 
the form or on the dimensions of the nucleus of critical 
size. The results, as expressed in Eq. 11, are a natural 
consequence of Flory’s statistical thermodynamic theory. 

The steady-state rate of nucleation can then be 


expressed as 


N = N, exp[— E,,/RT — 8x v, v,2T,,2/RT AH,* (AT) ?] 
(Eq. 12) 


in accordance with the similar expression for non- 
polymeric substances. The segments of the polyme: 
molecules thus are analogous to the molecules in low 


molecular weight materials. It is well known that at 
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Figure 6. Plot of growth rate of spherulites against the 
time at various crystallization temperatures for poly(ethy!- 
ene adipate) MW 9900 (Ref. 43). 
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Figure 7. Plot of log k, against (T-,,/T) (1/AT)- (open 
circles) and against (T,,T) (1 AT) (solid circles) for poly- 
(decamethylene sebacate) (Ref. 15). 


temperatures just below T°,,, N has a large negative 
temperature coefficient, primarily because of the varia- 
tion of the term exp[— AF*/RT]. As the temperature 
is decreased further the nucleation rate increases at a 
much slower rate, reaches a maximum, and then de- 
creases. The fact that classical nucleation theory ap- 
pears to be applicable to polymeric systems gives the 
first insight into the possible basis for the temperature 
coefficients that are observed for the over-all crystal- 
lization rate 

Some investigators (Ref. 25) have preferred to con- 
sider a primary nucleus whose legenth { is fixed and 
in which there exists no free energy difference between 
the ends of the nucleus and the surrounding amorphous 
phase. It was pointed out some years ago that these 
assumptions lead to an equation of the same form as 
Eq. 12, but the temperature dependence of the second 
term in the exponential contains the factor (T,,/ AT) 
instead of T,,*/(AT)*. Although, within the uncertainty 
with which AT can be specified for a bulk polymer, the 
former functional relationship between the nucleation 
rate and crystallization temperature can be satisfied 
by experimental observations, the extremely arbitrary 
nature of these assumptions should be recognized (Ref 
32). The fact remains that the crystalline phase in a 
polymer is stable because y, must be greater than zero 
(Ref. 13) 

At low values of AT the second term in Eq. 12 domi- 
nates so that a plot of log N against the temperature 
variable T,,2/T(1/A\T)2 should yield a straight line. The 
results of McIntyre (Refs. 37, 15) for the direct meas- 
urement of the nucleation rate are plotted in Fig. 5 
according to this suggestion. In this figure the same 
data are also plotted against the temperature variable 
(T,, T)(1/AT). The values of AT encompassed by these 
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Figure 8. Plot of log k, versus (T*,, T) (1 AT)* for poly- 
(decamethylene sebacate). Circles indicate dilatometric 
data; squares indicate microscopic data (Ref. 37). 


experiments range from 11° to 16°C.* As has been 
previously indicated, good straight lines result in both 
plots. A consideration of the slope of the plot represent- 
ing the physically more tenable situation yields values 
of the lateral surface-free energy of the order of 4 to 
5 ergs/cm*. These values are reasonable when com- 
pared to the heat of fusion of this polymer, but the 
values are somewhat smaller than those obtained for 
metals and low molecular weight liquids (Refs. 32, 47, 
45). Thus, it can be concluded that a primary three- 
dimensional nucleation process, similar to that éccurring 
in the transformation of low molecular weight materials, 
is operative in polymeric systems. Consequently the 
temperature coefficient of the over-all rate of crystal- 
lization must be attributed in part to that of the nuclea- 
tion rate, and the marked change that occurs in the 
vicinity of T,, receives a natural explanation 

All crystallizable polymers can therefore be super- 
cooled, the amount varying among the different poly- 
mers from about 6 to 20 degrees, without any detection 
of crystallinity for long periods of time. These levels 
of supercooling are somewhat less than have been 
observed for the crystallization of metal droplets (Refs 
49, 47) and droplets of low molecular weight liquids 
(Ref. 45). For polymeric systems in the temperature 
intervals just below T the magnitude of the rate 
constants depends primarily on temperature and is 
essentially independent of the chemical nature of the 
molecule or of its crystal structure. However, at tem- 
peratures well below T,,, k, depends markedly on the 





* 7m was taken to be 83°C for this analysis although the melting 
point as determined by dilatometric methods employing slow 
heating rates is 80°. However, it was observed (Ref. 37) that a 
sample that was annealed for a period of several weeks in the 
temperature range 75° to 79° had a melting temperature of at 
least 81.5°. Thus 83°C would appear to be a reasonable estimate 
of the tue equilibrium melting temperature 
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structural unit comprising the polymer chain. For ex- 
ample, for natural rubber at the optimum crystallization 
temperature the transformation is essentially complete 
in about 8 hours, while for poly (ethylene terephthalate ) 
under comparable conditions an equivalent transforma- 
tion is completed in a matter of minutes. 

In the earlier analysis of the temperature coefficient 
of the over-all crystallization process the simplifying 
assumption was made that growth occurred primarily 
as a result of segmental relaxation processes. Thus it 
was assumed that the growth rate had an Arrhenius- 
type temperature coefficient. Recently, more definitive 
experiments have been performed in which the tem- 
perature coefficient of the growth rate of spherulites in 
a variety of polymers has been measured. These studies, 
which have yielded essentially the same experimental 
results, have enabled a more detailed analysis of the 
problem to be made and indicate that the previous 
assumption was an oversimplification. The experiments 
of Flory and McIntyre, covering a 5 degree temperature 
interval just below T,,, showed that the growth rate 
increased by a factor of 10° as the crystallization tem- 
perature was lowered (Ref. 15). Studies by Takayanagi 
of another polyester (Ref. 43) over a much wider range 
showed that not only did the growth rate increase as 
the temperature was lowered but also a maximum in 
the rate was reached, and as the temperature was 
lowered still further the rate decreased once again. 
Fig. 6 illustrates a typical set of results obtained by 
Takayanagi for the growth of spherulites in poly (ethy- 
lene adipate) of molecular weight 9900. The lineal rate 
of growth is clearly defined at the various temperatures 
of observation, and the changes that occur in the slopes 
of the straight lines as the crystallization temperature 
is varied are readily discernible. A similar observation 
was made by Burnet and McDevit (Ref. 7) for spheru- 
litic growth in heterogeneously nucleated polycaproa- 
mide. The temperature variation of the spherulitic 
growth rate is thus very similar to the temperature 
coefficient of the over-all rate of development of crystal- 
linity previously described. In particular, in the case 
of poly(ethylene adipate) the temperature coefficients of 
the dilatometric observations and of the microscopically 
determined growth rate are similar, and the tempera- 
ture at which the maximum in the rate occurs is almost 
identical for both types of experiments 

It was also observed that the optical nature of the 
spherulites that are formed in polyethylene adipate 
depends on the crystallization temperature. In particu- 
lar, marked changes occurred at temperatures where 
the growth rate was changing its character most rapidly 
Thus different types of spherulites were obtained de- 
pending on whether crystallization ensued in the 
vicinity of the melting temperature in the region of 
maximum growth rate or at lower temperatures where 
the growth rate was once again retarded. Somewhat 
similar observations were made by Keller in his studies 
of poly(ethylene terephthalate) and polyethylene (Ref 
27). These observations point out the relation that must 
ultimately exist between nucleation and growi.. .. 
and the morphological observations and description 

These results contrast sharply with the observed tem- 
perature coefficient of the rate of growth into the melt 
of crystals of monomeric materials at low values of un- 
dercooling. For these substances it has been observed 
that the growth velocity is approximatelv proportional to 
the square of the undercooling (Ref. 22). The tempera- 
ture coefficient of spherulitic growth in polymers and 
in particular the strong temperature coefficient in the 
vicinity of T°,, strongly suggest that the growth process 
involves a secondary nucleation mechanism (Ref. 15) 
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It is evident from experiment that spherulites will not 
grow at small values of AT. Several authors (Refs. 44, 
43, 24) have further concluded that the secondary 
nucleation process is two-dimensional and imply that 
it involves surface nucleation. This conclusion was based 
on the supposed fact that in the vicinity of the melting 
point, the growth rate constant uniquely obeys the 
relation 


log G Const C,T,,/RT (T,,—T) (Eq. 13) 


In Fig. 7 the data of McIntyre and Flory for the lineal 
rate of growth of spherulites in poly(decamethylene 
sebacate) are plotted according to the suggestion of Eq. 
13. The same data are also plotted in this figure in con- 
sideration of the possibility postulated by McIntyre and 
Flory that growth proceeds by a_ three-dimensional 
nucleation process. It is evident that very good straight 
lines are obtained for either type of temperature de- 
pendence. Thus, the recent deduction made from these 
data by Kahle and Stuart (Ref. 25) that growth pro- 
ceeds by a two-dimensional nucleation process is clearly 
not justified. Experiments of much higher precision and 
the ability to more definitely assign a value to T°,, are 
obviously needed to settle this question. Furthermore, 
Stuart and Kahle’s (Ref. 42) original publication of 
kinetic studies for the polyamide from 11l-aminoun- 
decanoic acid covering only three temperatures are 
even less definitive on this point. Recent results for the 
same polymer (Ref. 24) are more extensive and cover 
a range of AT values from 11 to 40. However, as in the 
case of poly(decamethylene sebacate), the temperature 
variation expected for either type of nucleation process 
is equally well satisfied by these experimental observa- 
tions. The extensive data of Takayanagi on this subject 
suffer from the serious deficiency that the melting tem- 
peratures were obtained employing exceedingly fast 
heating rates (1°/minute) and therefore are not suffi- 
ciently accurate to be of any utility for this type of 
analysis. Though the presently available experimental 
data give strong support to the concept that nucleation 
processes are involved in the mechanism of spherulitic 
growth, they in themselves are not adequate for a 
discrimination to be made between the two possible 
types of secondary nucleation that have been suggested 

It should be noted that the slope of the curve which 
represents the three-dimensional nucleation process in 
Fig. 7 is about half the value of the corresponding 
curve in Fig. 5 for the primary rate of three-dimensional 
nucleation. Thus the critical free energy for the genera- 
tion of a secondary nucleus is appreciably less than 
that for the homogeneous formation of primary nuclei. 
The decrease in AF* could easily arise from the local 
influence of crystallites, developing from primary nuclei, 
on the neighboring amorphous regions. It has been 
pointed out by Flory and McIntyre that the rate of 
secondary nucleation would then be enormously in- 
creased with this small decrease in AF*, when com- 
pared to the primary nucleation rate elsewhere in the 
system, and crystallinity will develop at a much faste1 
rate in the vicinity of a primary nuclei. Furthermore if 
nuclei (both primary and secondary) are prevented 
from growing appreciably beyond critical size by chain 
entanglements or by imperfections along the chain, 
then spherulitic structures would evolve as a conse- 
quence of the relative arrangement of the secondary 
nuclei around the primary one. The above postulate 
would lead to the generation of local regions of organ- 
ized crystallites which could be preferentially arranged 
relative to one another, and the size of the crystallites 
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TABLE IV 


Crystallization Rate Constants for Poly(ethylene oxide)-Diphenyl Ether Mixtures 





v, =0 v, = 0.182 v 0.494 v, = 0.689 

rT k, T k, T k, T k 

6 6.3 x 10°18 

7 1.4x 10°" 7-8 8.5 x10°'! 

9 2.7 x 10-1! 8.5-9 29 x 10°! 8-9 2.55 x 10-12 

0 1.2x 10° 9.5-10 1.7 x10° 9-11 4.0 x 10-0 10.5-11 3.85 x 10-12 
11 1.0x 10 10.5-11 12 x10? 10-11 1.04 x 10-8 11.5-12 29 x10-1° 
12 3.6 x 10°" 11.5-12 3.65 x 10-6 11-12 19 x 107 12.5-13 7.1 x10-0 
13 3.9 x 10 12.5-13 11 x10* 3.5-14 2.0 x10% 
would not be much greater than that of critical nuclei s illustrated by the right-hand curve of Fig. 8; if, how- 


An explanation may also be found from these considera- 


tions (Ref. 15) for the large periodicities which are 


observed by low angle x-ray techniques in both me- 
chanicall) 


; te 
Vy Y t 


‘nted and unoriented crystalline polymers 

For unoriented, but highly crystalline, linear polyethy- 

lene it has been recently observed that the magnitude 

the periodic ity that is developed depends markedly 

on the crystallization temperature, and thus may be 

intimately related with the critical size requirements 
! icleus formation (Ref. 36) 

Irrespective of the nature of the specific nucleation 
proce involved in spherulitic growth the growth rate 
hould obey an equation similar in form to 
Eq. 12. An equation of this form does, in fact, describe 


ery W the bserved variation of the growth rate 
onstant over a wide range of crystallization tempera- 
tu A maximum in the rate is predicted to occur at 
on temperature below T the actual temperature 
of maximum growth will depend on the relation be- 
tween the activation energy for transport and the ther- 

dynamic quantities governing the size of the critical 

icleus. In the vicinity of T,, the rate is again governed 
by the second exponential term, which explains the 

irked temperature coefficient in this region. At tem- 
eratures below the maximum the second exponential 
tern » longer dominat and the variation in rate 

nstant occurs because of the well-known temperature 
dependence of the activation « nergy for segmental mo- 
tio is tl lass tran nation temperature is ap- 
proat hed 

In studies of the over-all rate of the dev ‘lopment of 


crystallinity in the vicinity of T,, it was observed that 
the crystallization rate constant k, varied with tempera- 
ture as though only three-dimensional nucleation proc- 
esses were occurring (Refs. 32, 37). Thus, based on the 
considerations of preceding paragraphs, it can be con- 
cluded (Ref, 37) that the 

obey the elation 


crystallization rate constant 


} (2/3) (1/X,,.) ( 
(1 3a) 8x. +2 T 


) N,G," exp [— 4E,,/RT 
RT (\H,)2 (\T)2] (Eq. 14) 


where a is a number less than unity representing the 
ratio of the critical free energy involved in secondary 
nucleation relative to that for primary nucleation 
The data in Table II are plotted in Fig. 8 accord- 
ing to Eq. 14 for the rate constants determined both 
from dilatometric experiments and by direct micro- 
scopic observations. As has been previously indicated, 
the resulting plots were very sensitive to the value 
assigned T”,, (Refs. 32, 37). Thus, if T°,, is taken to be 
80°C for this polymer the plot is definitely curved, as 


735 
b= 


‘ver, T is teken to be 83°, which has been shown to 
be a reascnable assignment, a very good straight line 
is obtained, the slope of which is consistent with those 
obtained from Figs. 5 and 7. 

Gent (Ref. 19) has studied the over-all rate of crys- 
tallization of natural rubber over a temperature range 
which included the maximum in the rate. His experi- 
mental results were very similar to the results illustrated 
in Fig. 2 for the same poiymer. The temperature varia- 
tion of the rate constants was found to be very well 
described by Eq. 14, and a maximum in the rate was 
predicted at —24° as observed. It would appear from 
his results that Eq. 14 has general applicability over 
the complete range of permissible crystallization tem- 
peratures 


CRYSTALLIZATION KINETICS OF 
POLYMER-DILUENT MIXTURES 


A. Concentrated Solutions 


The crystallization of a polymer is not limited to bulk 
systems but can also occur from mixtures which contain 
a low molecular weight diluent as an added ingredient. 
The transformation occurs over the complete composi- 
tion range and has been observed and studied in cases 
where only a few per cent of diluent has been added as 
well as in very dilute solutions containing less than 
0.1°% polymer. Theoretical and experimental evidence 
indicate that the diluent is usually excluded from the 
crystal lattice formed by the polymer, so that the phe- 
nomenon is analogous to the crystallization of only one 
component from a binary liquid mixture. The quantita- 
tive kinetic studies that have been reported for such 
systems have been limited to investigations of the rate 
of over-all development of crystallinity in the tempera- 
ture interval just below the melting point of the mix- 
tures (Refs. 30, 35). 

For the concentrated and moderately concentrated 
mixtures containing up to 70°; diluent, 
the same general behavior is observed as occurs in the 
crystallization of bulk homopolymers. Thus, in the range 
of crystallization temperatures investigated, it was 
found that the isotherms are superposable and that the 
crystallization rate constants possess the typically large 
negative temperature coefficients. This type of observa- 
tion has been made with poly(ethylene oxide), poly (de- 
camethylene adipate), and a linear polyethylene, all in 
mixture with a wide variety of diluent types, so that 
the results appear to have quite general applicability 


(Ref. 30) 


solutions, i.e., 
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Figure 9. Crystailization isotherms for polymer-diluent mix- 
tures. Plot of (V,-V,)/(V,-V,) against log t for mixtures 
of poly(ethylene oxide) with diphenyl ether. Solid lines rep- 
resent the composite isotherm for each mixture. Curve A, 


v 0.094; curve B, v 0.182; curve C, 0.295; curve 


D, v 0.398; curve E, v 0.494; curve F, v 0.601; 
curve G, v 0.689; curve H, v 0.000. The dashed 
lines represent the theoretical isotherm of n 4 calcu- 


lated according to Ea. 6. The position of each isotherm 
relative to the abscissa is arbitrary; short vertical lines 
along the abscissa indicate the length of one decad. 
(Ref. 30). 
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Figure. 10. Plot of quantity (V,-V,) (V,-V.,) against log ft 
for the crystallization from a 0.25 per cent polyethylene 
solution in x-chloronaphthalene. Temperature of cvystal- 
lization is indicated for each isotherm (Ref. 35). 
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Since the isotherms for a mixture of given composl- 
tion are superposable for the entire crystallization proc- 
ess, the kinetics can be represented by a composite 
curve obtained by shifting all the isotherms to a com- 
mon one. A typical set of isotherms is illustrated in Fig. 
9 for the rate of transformation of polyethylene-oxide 
divhenyl ether mixtures. The solid curves represent the 
composite isotherms, each representative of a different 
composition, while the dashed lines in the figure are 
theoretical isotherms calculated according to Eq. 6 with 
n 4. For comparative purposes the isotherm repre- 
senting the pure polymer is also given. In the case of 
mixtures containing small amounts of diluent the agree- 
ment between theory and experiment is similar to that 
observed for the bulk polymers. For the early stages 
of the transformation good agreement is obtained but, 
as the transformation proceeds, crystallinity develops 
at a slower rate than calculated. However, as the con- 
centratiton of diluent in the mixture is increased, up 
to a volume fraction of diluent v, 


of 0.69 in the case 
illustrated, the deviations between theory and experi- 
ment become progressively more marked. Thus, for 
curves E, F, and G in Fig. 9 the agreement that is 
obtained is superficial, even at the early stages of the 
transformation; the rate of development of crystallinity 
is definitely becoming more protracted with the addi- 
tion of diluent. This is equivalent to the composite iso- 
therms being characterized by a decreasing value of 
the parameter n as the dilution is increased. In this 
concentration region, though the isotherms change their 
shape rather drastically with dilution, the general char- 
acter of the curves is such as to indicate that nucleation 
and growth processes are still occurring. Though no 
quantitative theory has as yet been put forth to explain 
the shape of the isotherms for the less concentrated 
polymer-di'uent mixtures, it can be postulated that with 
increased dilution the diffusion of polymer segments to 
the crystallite-liquid interface plays a more prominent 
role in the growth process. The lack of information from 
direct microscopic measurements of the rate of forma- 
tion and growth of the crystallizing material hampers 
any detailed quantitative analyses 

The variation of the crystallization rate constant k 
for some typical diluent-mixtures are given in Table IV, 
where they can be cconipared with the corresponding 
quantity for the pure homopolyme! 

The variation with temperature of the crystallization 
rate constants for these typical diluent mixtures is very 
similar to those characteristic of the pure 


polymer 
systems. These observations are then strongly sug- 
gestive that the over-all development of crystallinity in 
such systems is again governed by nucleation processes 
It should also be noted from the data in this table that 
at comparable values of AT (the melting temperature 
of a polymer-diluent mixture being a well defined quan- 
tity) the magnitude of the crystallization rate constants 
are about the same for the pure polymer as for the 
various polymer-diluent mixtures. In fact, at the highest 
diluent concentration listed in the table the crystalliza- 
tion rate constants are appreciably lower than that of 
the pure polymer when comparison is made at the ap- 
propriate temperatures. Thus, not only do the shapes 
of the isotherms change with dilution but in this limited 
temperature interval the characteristic time constants 
change in such a manner that it becomes more difficult 
for crystallinity to develop 





* The \ ies of the rate constants were determined from the best 
fit of Eq. 6 to the experimental isotherm. For the present com- 
paretive purpose this procedure yields essentially the same results 
as if the value of ¢:/z for each isotherm was considered 
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The free energy of forming a nucleus of critical size, 
composed of polymer segments, from a polymer-diluent 
mixture can be expressed to a good approximation as 
(Ref. 30) 


AF* = 8x y,2 7, T,,2/MH,2 (T,, —T)? 
(4RT y,2T 


7) 


2/MH,2 (T,,—T)2]Inv, (Eq. 15) 


m 


In this expression T,, represents the melting point of 
the polymer-diluent mixture, v. is the volume fraction 
of polymer, and the other quantities are the same as 
previously described. The first term in Eq. 15 is identi- 
cal to that previously derived for a pure homopolyme: 
while the second term arises from consideration of the 
probability of selecting the number of polymer seg- 
ments required to form a critical nucleus from its 
diluent mixture. The steady-state rate of nuclei pro- 
duction can then be expressed as 


N = N,/ exp | 
(T. T)2 


E,,/RT 
[4x y,2 T,,2/AH,,? (T,,, 


8x v,° v, T,,7/RTAH,? 
T)?] In v.] 
(Eq. 16) 


If it is assumed that growth proceeds by secondary 
nucleation as well as by a diffusion mechanism an ex- 
pression corresponding to Eq. 14 can be derived for the 
crystallization rate constant with the inclusion of the 
additional term of Eq. 16 

As diluent is added to a polymeric melt the viscosity 
of the medium is decreased enormously so that a cor- 
responding increase in the crystallization rate might 
be expected. Yet for all the systems studied, at tem- 
peratures just below the melting temperature, the rate 
of crystallization has never been observed to increase, 
and in some cases the rate has actually been observed 
to decrease. Since v. will always be less than unity, 
the contribution to Eq. 16 of the thermodynamic terms 
will always be negative and will increase in magnitude 
with dilution, thus tending to decrease the nucleation 
rate provided that the surface free energies remain 
constant. On the other hand, the activation energy for 
transport will usually decrease with dilution. Thus, if 
the exponential terms dominate the expression for the 
crystallization rate constant, compensations between the 
two concentration dependent terms can result and a 
suitable explanation can be offered of the experimental 
observations. In the temperature interval wherein the 
thermodynamic term dominates the nucleation rate it 
is highly unlikely that any significant increase in rate 
will result from dilution 


B. Dilute Solutions 


The above discussion has been limited to the con- 
sideration of crystallization from concentrated or mod- 
erately concentrated solutions; there is actually no 
lower limit to the polymer concentration level at which 
crystallinity can develop. Recently, (Refs. 46, 10, 28) 
morphological observations have been made, using elec- 
tron microscope techniques, on the crystallization of 
linear polyethylene from very dilute solutions. At con- 
centrations of less than 1% by weight of polymer, plate- 
like single crystals were obtained from these solutions. 
Depending on the concentration and crystallization tem- 
perature, either lozenge-shaped crystals were observed, 
or the crystals formed developed a dendritic habit. This 
latter structure appears to occur under thermodynamic 
conditions which are relatively further from the melting 
point of the mixture. It was also observed that the 
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polymer chain direction was normal to the wide sur- 
face of the crystals, and the electron microscope studies 
indicate that the growth of this crystal face occurs by 
a screw dislocation mechanism. 

Recently an investigation of the kinetics of the iso- 
thermal crystallization of a linear polyethylene from 
dilute solutions, using sensitive dilatometric techniques, 
has been undertaken (Ref. 35). The concentration range 
studied is comparable to that in which the development 
of plate-like single crystals is observed. A typical set 
of isotherms for crystallization from a 0.25% «-chloro- 
naphthalene solution is illustrated in Fig. 10. The values 
of AT encompassed by these experiments are in the 
range of approximately 5 to 12 degrees; at larger values 
of AT crystallinity proceeds too rapidly to be accurately 
detected by this technique, and at smaller values of \T 
the time required for the detection of crystallinity be- 
comes intolerably long. The results as summarized in 
this figure are somewhat surprising, particularly when 
consideration is given to the findings of the preceding 
section on the crystallization from more concentrated 
solutions, and to the growth mechanisms suggested from 
morphological observations. 

In the temperature interval studied the isotherms 
again superpose extremely well over the complete trans- 
formation range, and the shapes of the curve indicate 
that nucleation and growth processes are occurring. 
These isotherms contrast rather markedly with those 
illustrated in Fig. 9 for the moderately concentrated 
solutions. In this latter concentration range the crystal- 
lization becomes more protracted with dilution so that 
the isotherms no longer fit Eq. 6 with n equal to three 
or four. However, in the very dilute range the mode of 
the transformation changes so drastically that the iso- 
therms appear to be characteristic of those observed 
for the crystallization of pure homopolymers. In con- 
trast to crystallization in the bulk the transformation 
in dilute solutions terminates relatively more abruptly. 
The shape of the isotherms adheres remarkably well 
to the theoretical isotherms predicted from Eq. 6, which 
was developed for bulk systems. Thus, in Fig. 10 the 
dashed lines represent Eq. 6 for values of the parameter 
n equal to 3 and 4, respectively. In the case of n = 3, 














Figure 11. Plot of log (1/t/,,.) against (1/AT)* for bulk 
polyethylene and a dilute polyethylene solution. Bulk linear 
polyethylene (Marlex-50) (solid circle); bulk linear poly- 
ethylene prepared by the decomposition of diazomethane 
(square); open circle indicates 0.25 per cent polyethylene 
solution in 2-chloronaphthalene (Ref. 33, 35). 
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Figure 12. Plot of quantity (V.-V;)/(V.-V.) against log f 
for the crystallization of a polybutadiene containing 80% 
1-4 trans. units. Temperature of crystallization is indicated 
for each isotherm (Ref. 33). 


if the first 5% of the transformation is neglected, an 
almost exact fit is obtained between theory and experi- 
ment for the major portion of the process, termination 
again being predicted to occur somewhat more abruptly 
than is observed. A similar type of agreement is ob- 
tained for the case of n = 4. The data presented in Fig 
10 are typical of the results for concentrations ranging 
from 0.05 to 1% of polymer wherein no significant vari- 
ation in isotherm shape is observed. The basic assump- 
tions used in deriving Eq. 6 would appear to be adequate 
for a description of the crystallization kinetics in very 
dilute solutions. The deviations observed at the very 
early stages of the transformation may be a consequence 
of diffusion processes which are necessary to develop 
a sufficiently high local concentration of polymer seg- 
ments for the transformation to be initiated. The trans- 
formation in each isolated volume element adheres very 
well to the idealized mechanism postulated for concen- 
trated systems. The observed isotherms are compatible 
with the interpretation that a homogeneous nucleation 
process is occurring with the over-all growth developing 
predominantly in either two or three dimensions. The 
kinetic analysis cannot distinguish between these two 
cases, either of which are consistent with the morpho- 
logical observations. 

The temperature coefficient of the process is repre- 
sented by the values of t, /. for the various temperatures 
and is listed in the last column of Table III where it 
can also be compared with the similar quantities char- 
acteristic of the bulk polymer. Over the seven degree 
temperature range studied ti/2 decreases by a factor of 
about 250 as the crystallization temperature is lowered. 
This variation of the temperature coefficient is compar- 
able with the values obtained for the bulk polymer. A 
more detailed analysis of the temperature coefficient 
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can be made by plotting log (1/t, ») against (1/AT)? 
as is done in Fig. 11. If the temperature coefficient is 
governed solely by a three-dimensional nucleation proc- 
ess then from Eq. 16 a straight line should result in 
this plot (neglecting the variation of T in the small 
range considered). The data utilized in this figure are 
from Table III and represent the bulk crystallization of 
two different types of linear polyethylene and the crys- 
tallization in the dilute 0.25°7 solution. If the permissible 
adjustment of T,,, within the uncertainty of its determi- 
nation, is allowed for, straight lines can be considered 
to result in this figure. The values of t:/2 for the bulk 
crystallization of the two polymers, which were pre- 
pared by vastly different processes, are almost identical, 
giving further evidence for the reproducibility of the 
kinetic results. At the larger undercoolings the values 
of ti/2 for the dilute solution are comparable to those 
of the bulk polymer, emphasizing the relatively minor 
role played by the viscosity of the medium in this tem- 
perature interval. However, at smaller undercooling the 
values of t:/2 are less by about one decade in the time 
scale. In the very dilute solutions crystallinity develops 
at a measurable rate at temperatures closer to the 
melting point than in the bulk system. Furthermore, it 
would be expected on the basis of Eq. 16 that the magni- 
tude of the slope of the line representing the dilute 
solution data should be much greater than that for the 
bulk system as a consequence of the contribution of the 
third term in the exponential. This clearly is not the 
case, the slopes being comparable or perhaps even less 
for the dilute case. We thus conclude that at very small 
undercoolings crystallinity develops at rates which in- 
dicate that the process is not completely controlled by 
a three-dimensional nucleation process. However, the 
large negative temperature coefficient that is observed 
indicates that nucleation processes must be playing a 
significant, though perhaps not a complete, role. The 
transformation in this concentration range is very sensi- 
tive to the amount of undercooling. These results can 
perhaps be rationalized by assuming that growth in the 
lateral directions occurs by a nucleation mechanism 
while thickening of the crystal occurs by a dislocation 
mechanism. This postulate is similar to the explanation 
offered for the growth of cadmium iodide crystals from 
aqueous solutions (Refs. 17, 16). 


CRYSTALLIZATION KINETICS OF COPOLYMERS 


In the systems discussed heretofore it has ben tacitly 
assumed that we were concerned with true homopoly- 
mers in which the chain repeating units were identical 
with respect to both chemical and physical structure. 
Experience has shown, however, that complete uni- 
formity in chain structure is not a necessary require- 
ment for crystallinity to develop, and a certain amount 
of chain irregularity can be tolerated. Chain irregu- 
larity can be introduced by the direct copolymerization 
of different chemical units, or by the chain units pos- 
sessing stereochemical or geometric isomerism, or by 
the presence of branch points or points of crosslinkage. 
In general, the foreign units would not be expected to 
enter the crystal lattice of the predominant repeating 
unit so that only finite sequences of crystallizable units 
occur, the distribution of the sequence sizes depending 
on composition and on the mode of polymer prepara- 
tion. Thus, while the fusion of a homopolymer occurs 
relatively sharply and terminates abruptly at a well- 
defined temperature, in copolymers the melting occurs 
over a very broad temperature range, and it is difficult 
to determine the temperature at which the last vestiges 
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of crystallinity disappear. This circumstance arises from 
the fact that, though no restriction need be placed on 
the lateral size of a crystallite, the length in the direc- 
tion of the chain axis is restricted, due to the sequence 
distribution of crystallizable units (Ref. 13) 
Studies of the crystallization kinetics for these types 
of systems have been rather limited and restricted 
mainly to measurements of the rate at which the total 
amount of crystallinity develops. There have been no 
reports of kinetic studies involving direct microscopic 
»bservation of growth rate or rate of spherulite forma- 
tion as in the case of pure homopolymers. Two systems 
which have been studied by dilatometric techniques are 
branched polyethylene (Ref. 29) and polybutadiene 
prepared by free radical emulsion polymerization (Ref 
33). The latter polymer is composed of three different 
types of units, the trans 1-4, cis 1-4, and 1, 2 vinyl 
groups, the relative proportion of which are controlled 
by the polymerization temperature. For this polymer 
it can be shown that in the temperature range studied 
ynly the 1-4 trans units are capable of crystallizing 
In Fig. 12 there is plotted a set of kinetic isotherms 
haracteristic of the crystallization of an emulsion poly- 
merized polybutadiene containing 80° of crystallizable 
1-4 trans units. The melting point of the polymer is 
1°C, so that values of AT from 20 to 40 are encom- 
ed in these experiments. It is evident from this 
ire that, in contrast to the observation for pure 
homopolymers and polymer-diluent mixtures, these iso- 
therms cannot be brought into coincidence merely by 
rescaling the time. The isotherms are no longer super- 
posable and their shapes vary quite drastically with 
the temperature of crystallization. At the larger values 
of undercooling the form of the isotherms is simila: 
to that observed for bulk homopolymers. This can be 
seen by comparing the data with the dashed curve of 
the figure, which is calculated from Eq. 6 with n= 3 
However, as the crystallization temperature is progres- 
increased the transformation proceeds much more 
The individual isotherms spread out along the 
in a fan-like fashion, so that at the smallest 
f undercooling studied (AT = 20) only a small 
fraction of the ultimate degree of crystallinity has de- 
veloped in 10,000 minutes. Isotherms of the type illus- 
trated have been observed in polybutadiene of lowe: 
1-4 trans content, in branched polyethylene by Kovacs, 
ind more recently in crosslinked linear polyethylene 
when the crosslinks are introduced in the amorphous 
tate (Ref. 34). These results, therefore, appear to be 
typical of the crystallization kinetics in the vicinity of 
the melting temperature for polymer molecules con- 
taining chain irregularities 
These observations can be explained qualitatively in 
terms of the distribution of sequence sizes of the crys- 
tallizing units in the melt and the dimensional require- 
ments that exist for the formation of a critical size 
nucleus at a given value of undercooling. If »Z is the 
number of sequences composed of { identical crystal- 
lizable units, then it has been shown (Ref. 13) that 


(1 p)? pt (Eq. 17) 


where N, is the total number of crystallizable units in 
the polymer, and p is the probability that a crystalliz- 
able unit is succeeded by a similar unit. For a random 
copolymer this latter quantity is equal to the mole 
fraction of crystallizable units X,, while for ordered 
copolymers p > X,, and if a tendency for alteration of 
units is favored p < X,. If it is assumed that we are 
dealing with a random copolymer then the total num- 
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ber of sequences composed of {* or more units can 


be expressed as 


nt*=N,(i—X,)x,*~' (Eq. 18) 


A similar calculation can be made for the fraction of 
the crystallizable units which appear in sequences of 
length {* or greater. If 2* represents the number of 
chain elements comprising the length of a critical size 
nucleus for a given AT, then for an idealized situation 
the number of sequences that can participate in nucleus 
formation and subsequent growth (if growth proceeds 
by a nucleation mechanism) cannot exceed N %*. Thus, 
based solely on kinetic considerations, not all the se- 
quences of crystallizable units can participate in the 
crystallization. 

At low values of AT, with the concomitant require- 
ment of large values of %*, only the very long sequences 
would be allowed to participate in the crystallization 
Since according to Eq. 18 the occurrence of such se- 
quences is limited, the development of crystallinity 
should be difficult and would be expected to progress 
in a protracted manner. The shape of the isotherms 
indicates the distinct possibility that the nucleation 
and growth rates may not be constant during the course 
of the transformation and that the time variation of 
these quantities will depend on temperature and conse- 
quently on the concentration of sequences permitted 
to crystallize. On the other hand as AT increases the 
accompanying decrease in will allow, according to 
Eq. 18, a relatively large proportion of the total number 
of available sequences to participate in the transforma- 
tion. The resulting isotherms in this instance will then 
be expected to resemble those characteristic of bulk 
polymers, which is the case observed. The significant 
role assigned to nucleation processes in the transforma- 
tion is again supported by the very strong negative 
temperature coefficient that is observed for the rate of 
the over-all development of crystallinity in this tem- 
perature interval 

More quantitative considerations and additional ex- 
perimental data covering a wider range of copolymer: 
composition and types are needed for a more complete 
understanding of the problem. It seems reasonable to 
expect, however, that the concentration of crystallizable 
units and the distribution of their sequence lengths must 
play an important role in the mode of crystallinity de- 
velopment and in the drastic change in isotherm shape 
that occurs as the crystallization temperature ap- 
proaches the melting temperature. These considera- 
tions should hold irrespective of the nature of the 
noncrystallizing units, as long as there is a random 
distribution of sequences. However, the effects con- 
sidered above would not be expected to significantly 
affect the crystallization kinetics of highly ordered 
copolymers. The transformation in this instance should 
resemble that for homopolymers for all values of AT. 
The crystallization of a copolymer whose units have a 
high tendency to alternate should be extremely difficult 
unless co-crystallization occurs 


CONCLUSIONS 


The analysis of the crystallization kinetics of poly- 
mer systems and the mechanisms that have been postu- 
lated for the liquid to crystalline transformation have 
been considered primarily from an idealized point of 
view. This approach was adopted because detailed 
quantitative investigations in this field are of relatively 
recent origin, and the complex morphology that is en- 
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countered has prevented certain desirable experiments 
from being done. The conclusion that the transforma- 
tion proceeds by nucleation and growth mechanisms 
appears to be well founded and warranted by the 
experimental observations. In this respect the crystal- 
lization process in polymeric systems obeys the same 
principles as similar processes in low molecular weight 
materials. In addition, mounting evidence indicates that 
the growth process is controlled by nucleation, although 
the detailed nature of this secondary nucleation mechan- 
ism has not yet been complete!y elucidated. The general 
principles which have now been developed can serve 
as a foundation for the more detailed investigations and 
analysis which must necessarily follow 

Since equilibrium conditions are rarely, if ever, 
achieved in the crystalline state, the basic understand- 
ing of the morphology which characterizes a given 
polymer must come from an analysis of the roles played 
by the various mechanisms that govern the over-all 
transformation. It would appear to be almost mandatory 
that for future progress the crystallization kinetic 
studies and the morphological investigations be carried 
out in close harmony. Kinetic studies have pointed out 
the importance of carefully specifying the crystallization 
conditions, particularly the need for very careful tem 
perature control. It is not at all apparent that this im- 
portant factor has been given proper attention in mz 
of the morphological studies. Most of the physical and 
mechanical properties of the substances under con 
sideration will depend on the crystalline morphology 
and consequently on the conditions under which crys 
tallinity develops. This aspect of the problem has not 
yet received attention commensurate to its importance 

The subjects that have been considered in this review 
have been arbitrarily limited to the isothermal crystal- 
lization from the melt of homopolymers, copolym« 
and polymer-diluent mixtures covering the complet 
concentration range. The limitation placed on the sub- 
ject matter has been one of personal choice, although 
it can be argued that experiments of this type represent 
the first steps in the orderly development of the subject 
The effect of other variables such as molecular weight 
molecular weight distribution, crosslinking, and de- 
formation have not yet received sufficient study for 


any general conclusions to be drawn. It should be 


pointed out, finally, that polymer systems are some- 
what unique with respect to the wide number of struc- 
tural variables that are available for the study of the 


liquid to crystal phase transformation 
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NATIONAL ACTION 


Be First in Line for ‘59— 
Attend the 15th ANTEC 


Will you qualify? We mean qual- 
ify for the future. The prediction 
is that the Plastics Industry will 
continue its extraordinary gains 
New materials, processes, machinery 
and technology are undergoing rapid 
changes. The assimilation of these 
new developments into your com- 
pany’s plans is your responsibility 
and will have definite bearing on 
Keeping abreast of 
technological 


you success i 
these advances will 
allow you to qualify better for the 
future 

With all the progress taking place 
in the Plastics Industry, how bette: 
can you hope to gain so much in 
the way of new information than 
by participating in our 15th ANTEC? 
The 108 technical papers to be pre- 
sented have never appeared in print 
They epresent the theme of the 
Conference—‘*Worldwide 


in Plastics.” This is no 


Advances 
rehash. It is 
all new and represents millions of 
dollars of research and development 
investment 
Selection of the papers making 
up the program has been exhaus- 
tively conducted. The first step in 
formulating the technical program 
was to discover from you SPE mem- 
bers just what subjects you wanted 
covered at this 15th ANTEC. Thi 
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nd studied, and a 
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embers asking for submis- 
papers. Those who accepted 
asked first to submit briefs of 
ir proposed papers. Screening 
Committees were then formed, con- 
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field, such as extrusion, injection, 
blow molding, compression molding, 
Each Screening Com- 


mittee reviewed the submitted briefs 


mold making 


‘xpress purpose ol selecting 


best papers on the basis of the 
-gardless of company affilia- 
tion. No compromise was made on 
quality When the selection became 
final, the authors of the briefs chosen 
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with thei le tail d papers 
The final 


to the Session Moderators who wert 
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It goes without saying that New 
York boasts the finest of entertain- 
ment. You will be guaranteed a top- 
notch floor show at the Banquet 

Plans for the 
fashion show given by a prominent 
department store, a trip to the UN 


ladies include 


building, matinee tickets to a cur- 
rent Broadway hit, Radio City tour 
and television shows, a luncheon at 
an exotic Chinatown  restraurant 


and, of course, the Banquet. A 
ladies’ hospitality room will be pro- 
vided 
With renowned scientists and en- 
} 


gineers as speakers, a beneficial and 


program 1s assured It 


warding 
will get you up there first in line 
1o 59 and give you that needed 
jump on the future. If you have not 
made your arrangements, do so to- 
day—-it’s not too late—but do it 


today. See you in New York 


James T. Growley 
Guy A, Martinelli 
General Co-chairmen 
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masters 
in the field of 


The vase with the orange figures on black, now seen only ina 
museum, is an example of an art that once flourished because 
some unknown ‘Sixth Century B.C. potter in Athens took fine 


red clay and mixed it with yellow pigment to produce an 


entirely new color 


Like that ancient Greek craftsman, WESTCHESTER PLASTICS calls upon its 
intimate knowledge of color, developed while serving the plastics industry for over 
ten years, to meet (and even stay a step or two ahead of!) its newest challenges — 
the new linear polyethylenes, for example. Westchester is proud to be the first to 
offer a pre-matched color concentrate that does its job without degrading, migrat- 


ing or leaching, while it gives improved temperature and chemical resistance 


If your product is a plastic product, depend on WESTCHESTER to provide it 
with a pre matched color concentrate perfected for confident use and endowed 
with the power to capture consumer sales. Write today for more information on 
our complete line of masterpiece quality color compounds 


WESTCHESTER PLASTICS, Inc. 


326 WAVERLY AVENUE, MAMARONECK, N. Y. @ Mamaroneck 9-5980 
Custom Compounders of Polyethylene Molding Powder and other Thermoplastic Materials 
Manufacturers and Developers ef Unicolor and Formacolor *Pliothene, Formacolor, Unicolor® T.M. Reg. U.S. Pat. Off 
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SPE MEETINGS DURING ANTEC 


The following meetings will be held at the Hotel 


Commodore during the Annual Technical Conference 


PROFESSIONAL ACTIVITIES GROUPS 


PAG 


Plastics in Buildings 

Injection Molding 

Polymer Structure and Properties 
Reinforced Plastics 

Standards for Reporting Properties 
Fabricating 

Finishing 

Plastics in Electrical Insulation 


Casting and Plastics Tooling 
Forming 

Extrusion 

Thermosetting Molding 
Metals for Plastics Molds 
Viny! Plastics 

Officers, all PAG’s 
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ANTEC House Committee 
Council 
Morning Speakers and Moderators 
Afternoon Speakers and Moderators 
Meetings Committee 
Publications Committee and 
Editorial Advisory Board 
Education Committee and Evening 
Speakers and Moderators 
Section Program Chairmen 
Morning Speakers and Moderators 
Afternoon Speckers and Moderators 
Membership Committee, Section 
Membership Chairmen, Councilmen 
Inter-Society Relations 
Section Presidents 
Morning Speakers and Moderators 
Afternoon Speakers and Moderators 
Past Presidents’ Advisory 
Morning Speakers and Moderators 
15th and 16th ANTEC 
Executive Committees 


DATE 
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Wed., Jan 


Wed., Jan. 
Wed., Jan. 


Wed., Jan 
Wed., Jan 


27 

27 

28 
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28 
28 
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Thurs., Jan. 29 
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COMMITTEES 
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12:00 Noon—Luncheon 
2:00 P.M. 
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7:00 P.M 
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Luncheon 

Breakfast 
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tee Headquarters—Parlor D; Press Room—Parlor E; Ladies’ Headquarters—Parlor F 
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PROTECTIVE CLOSURES CO. 
profits three 





Mr. Robert H. Evans and 
Mr. J. R. Grenier of 
Protective Closures Co. 
ore shown examining 
the quality of finished 
“Coplugs" produced on 
Moslo automatics in their 


Buffalo plant. 


with Mi (} S LQ) Molding Machines 


Protective Closures Co., Inc. of Buffalo, New York, is a leading producer 





of high quality products in the closure industry. In their plant they have 





a battery of eight MOSLO Model 74 two-ounce automatics to produce 


their fast-growing line of ““Caplugs.” 


- Mr. J. R. Grenier of Protective Closures says, ““We selected Moslo 
- . ° 

eee ee 4 ES ss a presses over larger equipment because less expensive molds, with 
~ fewer cavities, can be run fully automatically for greater 


efficiency and increased profits.” 


The clean, simple and efficient design of Moslo Plastic Injection 


a4, D> Molding Machines, for automatic production of small plastic parts up to 
cocccccccccese Jooseees 4 ounces can help your profit picture, too. Write today for additional 
) literature on the machines with ‘Built-in Efficiency.” 


eee ereeeeeeeee eee eneeeneeeeeeee eee 


Please send descriptive literature on 


Model "74" 2 ounce Automatic ; 
WORLD'S FINEST PLASTIC Model "75" 4 ounce Automatic . 
INJECTION MOLDING MACHINES Duplimatic” for cord plug and insert molding 


MACHINERY COMPANY Name Title 
Company 
Address n 
City State : 
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Session Moderators for 


SPE 15th Annual Technical Conference 


The Hotel Commodore, New York City 


January 27-30, 1959 





G. A. Martinelli J. T. Growley 


Under the direction of General Co-Chairmen Guy A 
Martinelli and James T. Growley, ANTEC for 1959 offe: 
108 technical papers to be presented at 26 separate sessions 
Each session will be moderated by an expert in the field who 
was selected for his experience and service in the plastic 
industry. The SPE Journal is proud to introduce these mod- 


erators 


Herman F. Mark was born and educated in Vienna, Austria 
obtaining his Ph.D. with W. Schlenk, summa cum laude in 
1921. He held several research and educational positions in 
Europe until 1938 when he became research manager of 
Canadian International Paper Co., Ontario, Canada. In 1940 
he became Adjunct Professor of Organic Chemistry at Poly- 
technic Institute of Brooklyn, where he was promoted to 
Full Professor in 1942 and appointed Director of the Polyme: 
Research Institute in 1946. Dr. Mark has written many 
books and articles in the fields of physics and chemistry. Hi: 
is Editor of the Journal of Polymer Science, Associate Editor 
of the Textile Research Journal and has been Associate Edi- 
tor of the Journa! of Applied Physics and the Journal of 
Chemical Physics. He is also Editor of the Series on High- 
polymers and the Abstract Service “Resins, Rubbers, Plas- 
tics” and “Natural and Synthetic Fibers.” He is a member: 
of many technical societies and committees 





R. B. Mesrobian 


H. F. Mark 
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R. Bostwick 


Robert B. Mesrobian received his B.A., M.S. and Ph.D. in 
Chemistry from Princeton University. In 1947 he joined the 
Polytechnic Institute of Brooklyn as Research Associate 
in the Chemistry Department and Institute of Polymer Re- 
search. He was appointed Assistant Professor of Chemistry 
in 1951, Associate Professor in 1952, Professor of Chemistry 
and Associate Director of the Institute of Polymer Research 
in 1955. In 1956 he joined the Central Research and Engi- 
neering Div., Continental Can Co., as associate director of 
research in high polymer chemistry 


Robert Bostwick holds a B.A. and M.A. in Chemistry from 
Columbia University. He is presently a chemist for Union 
Carbide Plastics Co., and was previously associated with 
Irvington Varnish and Insulator Co. in development work 
on extruded plastics, and with Picatinny Arsenal in the 
Plastics Laboratory. For the past 14 years he has served the 
plastics industry in the fields of injection molding, extrusion 
ind vacuum forming. He has been co-author of papers on 


filled polyethylene and restricted gating 


Robert D. Sackett graduated from Tufts University in 1944 
with a B.S. in Chemistry, and has completed a number of 
graduate engineering courses at the University of Maryland 
He has recently joined Hartig Extruders, Div., Midland- 
Ross Corp., as a sales engineer. He was previously with 
Monsanto Chemical Co., Technical Service Jepartment, 
where he was technical service associate specializing in 
extrusion. For the past three years he has edited the “Speak- 
ing of Extrusion” feature in the SPE Journal. He is a mem- 
ber of the Editorial Advisory Board for the Journal, and is 
presently Chairman of the PAG Extrusion Sub-Committee 
which is working to set up a series of training programs in 
various sections of the country. He was instrumental in 
establishing the German Plastics Digest a spec ial English 


condensation of the articles appearing in Kunststoffe 


Saul Blitz has been with Tico Plastics, Inc . since 1947, and 
now president. He was previously associated with Cald- 
vell Products, Inc 1941 to 1943; Ideal Plastics Corp., 1943 
to 1946: and Leaf Plastics, 1946 to 1947. He is past President 
of the New York Section of SPE, and is Chairman of the 
Ladies’ Information Committee for the 15th ANTEC 





R. D. Sackett S. Blitz 











G. K. Storin 


S. J. Stein 


Robert C. Bartlett received his B.A. from Princeton Uni- 
versity in 1949. He is presently technical director of Di- 
electric Materials Co. He was previously associated with 
Pittsburgh Plate Glass Co. as a chemist; the U. S. Navy 
as Engineering Officer in Plastics Materials; Marco Chemi- 
cals, Inc., as development engineer; and Natvar Corp. as 
hief chemist 


Sidney J. Stein received his B.A. in Chemistry from Brook- 
lyn College, and his M.S. and Ph.D. in Physical Chemistry 
and Physics from Polytechnic Institute of Brooklyn. He is 
presently director of engineering and research at Interna- 
tional Resistance Company. Previously, he was associated 
with Maybunn Chemical Co., Kellex Corp., Carbide Chemical 
Corp., and Amecco Chemical Co. 


Gordin K. Storin is manager of technical service for the In- 
ternational Graphite and Electrode Div., Speer Carbon Co 
He is co-inventor of a method to plasticize vinyl polymers 
with alkoxychlorobenzenes and holds patents on methods 
of bleaching pulp with chloride dioxide and peroxides. He 
was formerly with Niagara Alkali Co. and Hooker Chemical 
Corp. Mr. Storin has been a member of Tappi since 1944. He 

President of SPE’s Buffalo Section and is Chairman of 
SPE’s PAG on Finishing 


Frank P. Greenspan is director of development of the 
Chemicals & Plastics Div., Food Machinery & Chemical 
Corp. He was with FMC’s Becco Chemical Div. as manager 
of organic research and development for 10 years prior to 
assuming his present post in 1957. He received his B.S. from 
City College of New York in 1938; M.S. from Brooklyn Poly- 
technic Institute in 1941; and Ph.D. in Organic Chemistry 
from the University of Buffalo in 1951. 


Ernest J. Csaszar graduated from Newark College of Engi- 
neering in 1940 with a B.S. in Mechanical Engineering. He is 
sales manager of Newark Die Co. Previously, he was with 
Universal Plastics Corp. and with Eagle Tool and Machine 
Co. From 1945 to 1946 he was stationed at the Naval Ord- 
nance Laboratory working on plastics applications. He is 
President of SPE’s Newark Section 


Russell W. Ehlers received his B.S. and M.A. in Chemistry 
from Wesleyan University, and in 1932 received his Ph.D. in 
Physical Chemistry from Yale. He is presently Professor in 
harge of Plastics Engineering Dept., Lowell Technological 





E. E. Mills J. F. Carley 


S4 





F. P. Greenspan 


G. C. Heldrich 





E. J. Csaszar R. W. Ehlers 


Institute. He has written papers relating to research on the 
thermodynamics of hydrochloric acid and several organic 
acids. He is a member of the American Chemical Society, 


SPI, Alpha Chi Sigma and SPE. 


Elmer E. Mills studied Chemical Engineering at the Uni- 
versity of Illinois, and in 1921 he started as manufacturer's 
agent. In 1937 he founded the Elmer E. Mills Corp., and was 
president of the injection molding firm until 1953. Mr. Mills 
holds patents on equipment and methods for blow molding 
He is at present a plastics consultant. 


James F. Carley received his Ph.D. in Chemical Engineering 
from Cornell University in 1951. He joined Du Pont’s Poly- 
chemicals Dept., where he worked for five years on polymer 
processing research and development. In January, 1956, he 
became Engineering Editor of Modern Plastics. He is one of 
the authors of the recently-published book Processing of 
Thermoplastic Materials, Volume II in the SPE Plastics 
Engineering Series. 


Gerard C. Heldrich is director of technical service with the 
Polymer Chemicals Div., W. R. Grace & Co. In the period 
of the last thirty years he has managed the Plastic Container 
Plant of Continental Can Co., the Extruded Products Divi- 
sions of Gering Products, Inc., and Plax Corp 


Edward B. Murphy received his B.S. in Chemistry from Bos- 
ton College in 1949, and his M.S. in Chemistry in 1951 while 
employed as a graduate assistant. He worked initially as a 
metallurgical chemist at the Watertown Arsenal. He spent 
two years in materials and processing at the Missile Divi- 
sion of Raytheon, and one year as superintendent of an 
electroplating job shop. Since 1954 he has been with the 
MIT Lincoln Laboratory in the Engineering Division, work- 
ing on material and processing problems 


William C. Goggin graduated from Alma College with a 
B.S. in Physics, Math and Chemistry. He then graduated 
from the University of Michigan with a B.S. and then an 
M.S.E. in Electrical Engineering. In 1954 he was awarded 
an honorary Sc.D. by Alma. He joined Dow Chemical Co 
in 1936. In 1943 he organized Dow’s Plastics Technical Serv- 
ice Dept., which he has managed since that time. A member 
of several technical societies and committees, he is the 
yuthor of numerous technical papers and has been granted 


several patents. 





E. B. Murphy W. C. Goggin 
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J. A. Kavanagh 


F. W. Reinhart 


Frank W. Reinhart received his B.S summa cum laude from 
Juniata College in 1930 and attended postgraduate courses 
at Columbia University and the University of Maryland. He 
taught Chemistry at Juniata until he joined the National 
Bureau of Standards in 1937. He is presently chief of the 
Plastics Section of NBS where he directs the Bureau's 
research, development and testing program on plastics and 
adhesives. He has received many honors for his work and 
writing, among which is an honorary Sc.D. from Juniata in 
April 1958. Dr. Reinhart is a member of many technical 
societies and is active on several committees of ASTM 
John A. Kavanagh studied Mechanical Engineering at Cornel 
University. He joined Standard Tool Co. in 1938 and was 
made vice president in 1941. He is a member of SPE and 


SPI 


William R. Lucas received his B.S. from Memphis State 
College in 1942, his M.S. and Ph.D. from Vanderbilt Uni- 
versity in 1950 and 1952 respectively. He was instructor 
and research associate at Vanderbilt, and from 1946 to 1948 
he was with the Department of Chemistry at Memphis State 
He joined the staff at Redstone Arsenal in 1952, and was 
transferred to the Missile Agency when it was activated 
1956. At present, he is chief of the Engineering Materials 
Section, Structures and Mechanics Laboratory of the Army 
Ballistic Missile Agency. 


Alan J. Breslau received his B.S. in Chemical Engineering 
from New York University in 1950, M.S. in Chemical Engi- 
neering from Columbia in 1954, and is now working on 
his D.Sc. at Polytechnic Institute of Brooklyn. He has been 
section head with Thiokol Chemical Corp. for the past seven 
years. He was previously with Essex Rubber Co. He ha 
written several papers on modified epoxy resins, polysulfide 
polymers and urethane foams 


Jerome D. Bassin graduated with a B.S. in Chemistry from 
the College of the City of New York in 1950. He has been 
a plastics engineer at Republic Aviation and chief develop- 
ment engineer at L. Wittman and Co. prior to joining Borden 
Chemical Co. He is presently concerned with the develop- 
ment, production and technical service of Borden’s new 
Epiphen epoxide resins. He was one of the founders of the 
Reinforced Plastics Group of SPE’s New York Section and 
is presently Chairman of the Casting and Plastics Tooling 


PAG 





E. A. Haddad 
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W. R. Lucas 


J. L. Been 





J. D. Bassin 


A. J. Breslau 


Eli A. Haddad graduated from Holy Cross College in 1940 
with a B.S. in Chemistry, and did graduate work at MIT 
in 1941. He joined Monsanto Chemical Co. in 1943 as a 
research chemist. After holding several positions in the 
company, he was promoted to assistant director of technical 
service for the Plastics Division in 1954 


Robert R. Moyer received his B.A. from the University of 
Chicago in 1939. He was previously associated with Chicago 
Molding Products Corp. as supervisor of customer service 
and production planning; and with Continental Can Co., 
Plastics Div., as production manager. He is presently assist- 
ant director of Technical Service for Monsanto Chemical 
Co. He is a member of SPE, SPI, and IES 


Robert W. Sherman has been associated with Union Carbide 
Plastics Co. for ten years. In 1948 he joined the company 
as a Statistician and four years later became a technical 
correspondent. As such, his experience has been in the 
packaging, molding and extrusion sales divisions. He has 
recently been appointed manager of the company’s district 
office in Hartford, Conn. As a member of SPE, Mr. Sherman 
has served actively with the New York Section both as 
Program Coordinator and Program Chairman. He is a mem- 
ber of the Papers Screening Committee for 15th ANTEC 
He attended Fairleigh Dickinson University 


Jerome L. Been received his B.S. in Chemical Engineering 
from CCNY in 1940 and studied extensively in the Graduate 
School of the Polytechnic Institute of Brooklyn and George 
Washington University. After two years in the heavy chemi- 
cal industry, he was employed for five years as a materials 
engineer by the U.S. Maritime Commission, working on 
paints, adhesives, coatings and plastic materials used in 
ship construction. Since 1946 he has been with Rubber and 
Asbestos Corp., starting as a chemist, advancing to chief 
chemist, technical director and presently executive vice 
president. He holds several patents and has written a num- 
ber of articles on adhesives 

Edward W. Vaill graduated from Colgate University in 1932 
That same year he joined Union Carbide Plastics Co., where 
he was first assigned to the New England Territory. In 1937 
he was engaged in technical sales for both thermosetting 


and thermoplastic molding materials. In 1957 he was trans- 


ferred to the New York office as technical service engineer 
for the Molding Materials Div 





E. W. Vaill 





Smoke and smog cannot hide 
in any pure Cadet peroxide 
For we make them with air 
that is apple-blossom rare 

In a plant we keep free 

of even minute impurity. . 


ORGANIC PEROXIDES... 


are produced in New York's great apple orchard country ... in an 
atmosphere that is not only scrupulously clean but fragrant . . . uncon- 
taminated by industrial wastes. Rigid quality control in the plant assures 


BENZOYL PEROXIDE that you receive dirt free catalysts available for plastics polymerization. 


Cadet has specific organic peroxide catalysts for polymerizing vinyl 
LAUROYL PEROXIDE and unsaturated monomers, ethylene, styrene, polyesters, related 


copolymers, and for curing silicone rubber. These catalysts quickly dis- 
MEK PEROXIDE solve in viscous monomers . . . to produce clear, haze-free polymers. 


CADET ORGANIC PEROXIDES MAINTAIN THE HIGHEST 
2,4 DICHLORBENZOYL STANDARDS OF CHEMICAL QUALITY AND PERFORMANCE 
PEROXIDE 1p 
for polymerizing vinyl and unsaturated mono- 
mers, ethylene, styrene, polyesters, and related 


TERTIARY BUTYL nohjudes| 
HYDROPEROXIDE | 
for producing clear, haze-free polymers. 


in All Their Many Forms for quick solution in viscous monomers or pre- 


polymers. 





Please have a McKesson representative con- 
tact me to discuss our interest in organic 
peroxides, 


7 


Chemical Dept. 

ce McKESSON & ROBBINS, Inc. 

ne 155 East 44 St., N.Y. 17, N.Y. 
+ Name 


Firm Name 


Address 


from on 
ar you: 
¥ 
7 


Product(s) 
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COMPLETE PROGRAM 


9:00 to 11:30 A.M. 


Tuesday, January 27, 1959 
Latest Developments in Stereospecific Polymers 


Moderator—Prof. Hern Mark, Polytechnic Insti- 


tute of Brooklyn 
On the Relationship of Physical Properties to Struc- 
ture in Linear Polymers of Ethylene and Propylene 
Lauritus T. Muus, N. Gerard McCrum and Frank C 
McGrew, E. I. du Pont de Nemous & Co. Inc 
Certain physical properties of higher-density 
ethlyene and isotactic polypropylene are discussed in 


poly - 


terms of molecular motions occurring in the amorphous 
and in the crystalline regions. Specifically, new evi- 
dence is introduced on the internal friction and torsion 
modulus of homopolymers and copolymers of ethylen 
and propylene from experiments with the previously 
described torsion pendulum. The temperature depen- 
dence of internal friction and torsion modulus is related 
to motions of molecular segments and changes in crys- 


talline orde: 


2. Polyolefin Production with Preformed Solid Cata- 
lysts—A. A. Harban, Edmund Field and H. N. Fried- 
lander, Standard Oil Co. (Indiana) 

Many different catalyst systems are now available to 
prepare a broad spectrum of plastic and elastomeric 
polyolefins. Two basically different processes—a sus- 
pension polymerization and a solution polymerizatior 

have been developed for these catalysts and products 

Suspension polymerization is used when the properties 

of the catalyst require operation at low temperatures 

when the desired polymer structure can be 
and when the 


obtained 


only at low temperatures, molecula} 
} 


weight of the polymer is so high that the viscosi 


rs f 
oO 


the polymer in solution would cause processing diffi 
ties. Solution polymerization is used when satisfacto 
catalyst activity and the desired polymer structuré 
be obtained at the high temperatures necessary to 

a polymer solution of low viscosity 

Polybutadienes of Controlled cis, trans and Vinyl! 
Structures—J. N. Short, G. Kraus, R. P. Zelinski and 
F. E. Naylor, Phillips Petroleum Co 

The physical properties of polybutadiene vulcanizate 


mi! 


have been measured as a function of polyme: 
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structure. Although the overall properties of any one 
polybutadiene are determined by the relative ratio of 
cis, trans and vinyl units in the polymer chain, marked 
changes in physical properties do not occur until a 
relatively pure configuration is approached or unless 
the raw polymer displays crystallinity. Thus, polybuta- 
dienes containing more than 85° cis, trans or vinyl 
units are characteristically different from each other 
and the differences are accentuated as the isomeric 
forms approach 100% of a given configuration. While 
these polybutadienes are not yet available commer- 
cially, their unusual properties and potential applica- 
bility in many areas should lead to their manufacture 


in the future 


1. Five Years of Progress in Stereospecific Catalysis 
Research—Prof. Giulio Natta Polytechnic Institute 
of Milan 


> hand 


Puesday, January 27, 1959 


2:00 to 4:30 P.M. 


Topics of Special Interest 


Moderator Dr. Robert B. Mesrobian, Continental Can 
Co 


». Structural Changes in Irradiated Plastics Films— 
Charles F. Bersch, Robert R. Stromberg and Bernard 
G. Achhammer, National Bureau of Standards 
Plastics films are being studied as packaging mate- 

rials for foodstuffs which are to be preserved by high 

energy radiation. To be satisfactory in this application, 
the plastics films must withstand the radiation dosages 
required for sterilization and pasteurization of the 
foodstuff without deterioration of the physical and 
hemical properties which make the plastics desirable 
packaging materials. This study of the relationships 
between chemical structure and stability to high energy 
radiation suggests that certain plastics films, such as 
polystyrene and polyamides, can be expected to exhibit 
better stability than more conventional packaging films, 
such as cellulosics and polyethylene. It is imperative, 
however, that new plastics films which are considered 
suitable for this application on the basis of chemical 

e be studied extensively to determine their 


rties 


6. A Note on Non-Destructive Testing of Adhesion in 
Laminated Materials—Dr. Johan Bjorksten, Bjork- 
ten Research Laboratories, Inc., and Herbert L. Ber- 
man, Radiation Electronics Corp 
High speed infrared equipment is employed to deter- 

mine the rate at which heat penetrates into a laminate 

This rate depends mang other factors on the molecular 

proximity of components, which in turn relates to 


idhesion 


7. Chain Rupture by Shear in Molten Polymer-— 
Herbert A. Pohl and J. Kenneth Lund, Princeton 
University, Plastics Laboratory 
Polyisobutylene of a wide range of molecular weights 

was subjected to intense mechanical shear at varied 

temperatures. The force-time curves in the capillary 


shear apparatus and the solution viscosities were de- 
The fractional molecular weight drop in- 
creases as the temperature is lowered, as the initial 


termined 


molecular weight is increased, or as the shear rate is 


increased. In contrast, the specific rate of bond rup- 
ture among chains is only slightly dependent upon the 
molecular weight at low shear rates, but is indepen- 
dent of molecular weight at high shear rates. As in the 
case of polymer solutions, continued shear produces 
molecular breakdown at a gradually decelerating rate. 
The chains become reduced to lengths which can relax 
without rupture when shear is continued 


8. Methodology of Measurement—Richard A. Wade, 
Industrial Div., Minneapolis-Honeywell Regulator 
Co. 

Structural control of a polymer during processing 
is not only a goal, but can be a reality with present- 
day instruments. This is accomplished by interrelating 
environmental variables to form an interlocked control 
system. Although there are no simple formulas for the 
design of a structural control system, there is an under- 
lying methodology which applies to both processing and 
compounding operations. This paper evolves a metho- 
dology by considering a typical processing problem, 
instrumenting the system, and summarizing the basic 


concepts of structural control 


Tuesday, January 27, 1959 2:00 to 4:30 P.M. 


Thermoforming 


Moderator—Robert Bostwick, Union Carbide Plastics 
Co. 


9. Thermoforming High Density Polyethylene—R. F 
Spill, F. L. Quinby and R. A. D. Wentworth, W. R 
Grace & Co. 

This paper summarizes the authors’ practical experi- 
ence in the thermoforming of high density polyethylene 
Fairly definite limits of shrinkage after forming are 
established, and some theoretical explanations of this 
shrinkage are given. Also covered are some practical 
considerations of forming, notes on mold design, and 
some of the applications of the product 


10. Vacuum Forming Polyolefins—John Y. Lomax, Her- 
cules Powder Co. 

Basic conditions and techniques required for good 
results in vacuum forming high density polyethylene 
and polypropylene have been investigated and the 
results of this study are presented in this paper 
Factors affecting heating cycles are discussed at length, 
and information concerning vacuum forming techniques 
and mold requirements is disclosed. Heater capacity is 
shown to be an important factor in realizing sound 
heating rates for polyolefins. Doubling heater capacity 
resulted in a proportional reduction in heating cycle. 
Controlled mold temperatures are recommended to ob- 
tain maximum uniformity and minimum post-forming 
warpage in the formed part. 


11. Thermoforming Characteristics of Extruded and 
Calendered Linear Polyethylene—Charles K. Henry, 
Celanese Corporation of America 

Various thermoforming techniques have now been 
developed for the efficient, economical production of 
both extruded and calendered linear polyethylene sheet 

These techniques, coupled with new methods of im- 
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proved die design, new methods of die cooling and 
heating, new air entrapped-type forming, new types of 
assist mechanisms, improved ways of die cutting and 
blanking, and post mold shrinkage data are discussed 


12. Advances in the Technology of Thermoforming 
Biaxially Oriented Film and Sheets—John F. 
Murphy, Monsanto Chemical Co. 

Recent innovations in vacuum forming technology 
and the definition and development of a new forming 
grade of biaxially oriented polystyrene have resulted in 
commercial acceptance of oriented sheets as anothe 
member of the thermoplastic group of forming mate- 
rials. The variables that were isolated and controlled 
in the perfection of this new forming technique were 
sheet clamping, heat equalization, mold temperature 
cycle timing, speed of drape, and adequate vacuum 
Although biaxially oriented polystyrene was the plastic 
sheet used in this study, the general principles involved 


are equally applicable to other thermoplastic sheets 


Tuesday, January 27, 1959 2:00 to 4:30 P.M. 


Extrusion | 


Moderator—Robert D. Sackett, Hartig Extri 
Midland-Ross Corp 


13. Sheet Extrusion Problems and Solutions—A. L 
Griff, Union Carbide Plastics Co 

Industry’s demand for new products made from ex- 
truded sheet has been accompanied by more rigorous 
requirements; consequently, fabricators often find them- 
selves confronted with new problems. The paper pre- 
sents a convenient and practical approach towards aid- 
ing extruders to diagnose and cure extrusion problems 
which result in what can collectively be called “unsatis- 
factory sheet appearance.” Among the defects discussed 
are surface lines, unsatisfactory grain and gloss. and 


discoloration. 


14. Application of Extruder Pressure Measurement 
Equipment—G. A. Pettit, Barber-Colman Co., 
Wheelco Instruments Div 

While many of the variables in the extrusion process 


tne 


have been given much thought and exact design, 
realm of pressure measurement and control of melt 
conditions offers an engineering challenge. Pressurs 
measurements are important to the custom extruae 
because they are a continual indication of melt condi- 
tions. They tell the operator of screen and break« 
plate conditions, feeding continuity, screw and drive 
efficiency With these demands in mind, pressur 
methods have been investigated and types of pressu! 


transducers with definite characteristics are recon 


mended which will aid in solving many of the problen 


involved 


15. Extrusion Variables Affecting High Impact Styrene 
Sheet Manufacture—W. A. Kelley and W. E. Wel 
Monsanto Chemical Co 

Within the past year there have been sei 
vements in extruder design and extrusion 
resulted in appreciable improven 
| 


high 


which have 
both production rates and quality of 


ne sheet A year ago, ¢ utpt I 
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per hour of 100 gauge sheet on a 4%-in. extruder was 
considered satisfactory. Machines of the same diameter 
are today producing in excess of 600 pounds per hour 
of high quality sheet, an increase of over 30%. This 
paper discusses some of the developments responsible 
for this marked increase in output and outlines some 
of the techniques which can provide improved quality, 
particularly in respect to gage control. 


16. Nylon Film Properties—Robert L. Hughes and 
Dannon G. Simpson, Spencer Chemical Co 

The properties of nylon film are discussed with special 

emphasis on the effect of extrusion and casting roll 


temperatures. 


Tuesday, January 27, 1959 2:00 to 4:30 P.M. 


Injection Molding | 
Moderator—Sau! Blitz, Tico Plastics, Inc 


17. High Frequency Preheating and Plunger Molding 
of Rigid PVC and Other Heat-Sensitive Thermo- 
plastics—T. H. Baylis and R. J. Pecha, Union Car- 
bide Plastics Co 

Although rigid PVC has good physical properties, ex- 
cellent chemical resistance, and is reasonably priced, 
it is not widely used as a molding material because of 
its limited thermal stability. But, by applying a modi- 
fication of techniques used for years in the molding of 
thermoset resins, it has been possible to mold rigid PVC 
successfully and even upgrade piece properties. This 
paper describes the molding procedure and discusses 
the experimental considerations involved. 


18. Injection Molding and Extrusion of Polypropylene 
Russell D. Hanna, Hercules Powder Co. 

Polypropylene is a new polyolefin with a balance of 
properties which, in the first year of commercial pro- 
duction, has already brought about acceptance in new 
markets for thermoplastics and improved applications 
in existing markets. Based on field experience, this 
paper reports the molding and extrusion techniques 
which have proved successful. Part and mold design 
characteristics preferable in engineering for the use of 
polypropylene are also discussed. Particular emphasis 
is placed on the physical and mechanical properties 
which should be considered in developing applications 
and processes for molding and extrusion. Some typical 
onditions are given and several case histories 


Start-up ¢ 


reviewed 


19. Advanced Technique of Pre-Plasticizing on Small 
Injection Molding Machines—Ernest P. Moslo, Mos- 
lo Ma ninery Co 

problem in the production of any injection 
the ability of the machine to plasticizs 


l enough to pro- 


and to plasticize it wel 
rts in the shortest time. This paper 
ation and advantages of a new type 


20. Vented Reverse Flow Heating Cylinders—A 
Mo Injection Molders Supply Co 
new heating cylinder designed for use on 


yn machine has resulted from a four 


SY 





program. This paper describes common de- 
n commercially purchased injection molded 
and relates them to the molded-in strains com- 
| present heating cylinders. A heating cham- 

1 full 180-degree reverse in the material flow 
vertical strains caused by the necessary 


A second 180-degree reverse mixes out 


} 
marks 


Puesday, January 27, 1959 8:00 to 9:30 PLM. 


Educational Symposium 


Moderator—R . artl Chairman, SPE National 
Educati 


Theme Technicians 


W ednesday, January 28,1959 9:00to 11:30 A.M. 


Plastics in High Temperature Electrical Insulation 


Moderator—Dr. Sidney J. Stein, International Resist- 


21. High Temperature Film Coated Magnet Wire 
George Martin, Essex Wire Corp 


Methods of application, properties and unusual char- 


acteristics of existing film coated magnet wire construc- 
tions are reviewed. Special note is given to the high 
temperature film coated wires which are now available 

sin potential for the industry is estimated, and 


ties of a universal magnet wire defined 


22. Heat-Resistant Encapsulating Resins—Max M. Lee 
General Electric Co 

The heat resistance of several types of encapsulating 

esin-catalyst systems was determined from heat dis- 

tortion temperature values, weight loss ratio at elevated 

ires, and change in electrical properties at 

temperatures and on heat aging. The relative 

tability and the maximum continuous operat- 

ire of the resin-catalyst systems at various 

were determined. Results show that 

hardener determined to a large extent the 

stance of an epoxy-hardener system. There 

be a direct relationship between the heat 

f an encapsulating resin system and its heat 

emperature. High heat distortion tempera- 

’ 


not only had mechanical properties at ele- 


to those of low heat disto 


bu lso showed less change 


a 
ies and had lower weight loss rates 


3. Radomes at Elevated Temperatures: Theory and 
Practice Fred H sehrer Radome sranch, Ww) ght 
Air Development Cente: 


24. Reinforced Plastic Radomes at Ultra-High Tem- 
peratures—Varice F. Henry, Diamond Ordnance: 
Fuze Laborato! 

} paper discusses design concept and develop- 


a microwave adom«e capable of short time 


operation in severe environments, including surface 
temperatures up to 3000°F at high velocities and unde: 
extreme thermal shock. Techniques of measuring mi- 
crowave characteristics of reinforced plastics under 
simulated missile reentry conditions are described 
Qualitative and quantitative results are presented for a 


variety of materials 


Wednesday, January 28,1959 = 9:00 to 11:30 AM. 


Aesthetic Aspects of Plastics 


Moderator—Gordon K. Storin, Speer Carbon Co 


25. The Art of Large Area Aesthetic Embeddments 
W. A. Williams, Dearborn Glass Co 


This paper discusses ways to surround decorati 


ve iln- 
sert materials with a plasticized plastic after which the 
encased inserts are laminated to glass to obtain large 
panels of beauty and strength 
26. The Practical Application of Color Theory and 
Color Instruments to Plastic Coloring Problems— 
R. G. Feeney, Celanese Corporation of America 
Aspects of color theory and color measuring instru- 
vents are discussed in relation to their application to 


the solution of plastics coloring problems 


Nacreous Pigments—The Infinite Colorant—George 

E. Meyers, Rona Laboratories 
Nacreous pigments are transparent, non-metallic. 
inert platelets which may be used in or on almost every 
commercially used plastic. They are currently being 
used to achieve metallic effects on vinyl sheeting and 
in polyesters, polystyrene, cellulose acetate and poly- 
ethylene. The idea of achieving metallic effects which 
are reflective and yet translucent is startling. It is now 
possible. One of the best known uses at this time is in 


achieving mother-of-pearl effects 


28. Thermosetting Resins: A Dream Material for the 
Artist and Architect—Armand G. Winfield, DeBell 
& Richardson, Inc 
Decorative applications and new ideas and 
surveyed with emphasis on the polyester and epoxy 
resins. Both as casting and as laminating materials, 
polyesters and epoxies present some excellent poten- 
tials to the artist, architect and interior decorato 
paper deals with outstanding examples of thes 
ials in general usage today; with projects now under 
investigation which will soon expand the decorative 
field; and with some consideration for future develop- 


nent 


W ednesday, January 28,1959 9:00 to 11:30 A.M. 


Vinyls 


Moderator—Dr. Frank Greenspan, Food Mach 


Chemical Corp 
29. Vinyl Resins—J. R. Bukey, Firestone Plast Co 
Polyvinyl chloride polymers and copolymers are 
ivailable as white powdery resins. The polymers, when 
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compounded with stabilizers and plasticizers, become 


one of the most versatile thermoplastic materials known 
today. These polyvinyl chloride compounds are easily 
converted to products of varying shapes and flexibility 
ranging from soft flexible film to rigid pipe. The excel- 
lent combination of properties found in polyvinyl chlo- 
ride plastics combined with the adaptability or ease of 
adjusting physical properties to meet a wide range of 
requirements make it advisable to consider vinyl 
for almost any type of product which does not 


exceptional structural or heat resistant characteri 


30. A New Theory of Stabilization of Mixtures Contain- 
ing Polyvinyl Chloride—C. H. Fuchsman, F‘ 
Chemical Corp 

The theory of polyvinyl chloride degradation 
viewed in the light of the differences in behavio 

tems stabilized with Zn and Cd, vs. those stabili: 

with “long-term” stabilizers. The differences are 

ited to the differential pattern of dehydrochlorina 
determining whether olefinic bonds or bonding to 
molecules result from HCl] removal. The latter, desig- 
nated as dia-dehydrochlorination, of which cross-link 
ing is a special case, favors oxidative free-radical 
radation resulting in darker colored reaction pri 

Carbonyl groups in conjugation with olefini 

are considered responsible for the darker colo 

intensity of color is much increased if a helical a 

nent of the polymer molecule is assumed, with 

drochlorination-induced links between successiv 

Zn al d Cd stabilizers p omote good early colo 

oring dia-dehydrochlorination, while the good lot 

stabilizers—Ba compounds and epoxy compound 
] tir 


pear to favor dehydrochlorination resulting 


ao ible bonds 


31. Plasticizers for Vinyls—J 
Chemicals Co 

Plasticizers for vinyl plasti constituted a 
business in 1957 and they are growing at a 
per year. This paper points out that dialkyl ph 
are most widely used and have over 60% of 
plastic Ize! market Also discussed are the place 
temperature plasticizers, polymeric plasticizers 
phate esters, and the new epoxy plasticizer-stal 
in the market picture as seen in 1957 and as est 


tor 1962 


32. Plastisol, A Labor Saving Device—Hugh B 
and John DeMaria, Chemical Products Cor; 
n imber of interest ng applications of vin 
are described In luc d are Sez 


bottle cap line na for clay pipe 


W ednesday, January 28.1959 9:00 to 11:30 A.M. 


Mold Design | 
Moderator—Ernest J. Csaszar, Newark 


33. Fundamentals of Mold Design—S 
Boonton Molding Co 
Fundamentals of mold design are of th 
portance, but they nust be methodi illy and 


followed The mold ] he heart ol any plastic 


tion, and its design must be rel illy prepa 


papel liscusses ten pornts vnic I autno 
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Wednesday, January 28, 1959 


1ecessary for the successful conclusion of any plastics 


engineering program. 


34. Inherent Qualities of Plastic Mold Steels—E. E 
Lull, Crucible Steel Company of America 

The service life and economy of building plastic molds 
is largely dependent upon the steel from which they are 
made. Ordinarily, identification of the steel by chemical 
analysis and type of melting is not adequately descrip- 
tive for the proper selection of steel for plastic molds 
There are certain inherent qualities in all steels that 
influence their suitability for plastic mold applications 
These variables are discussed with respect to their in- 


fluence on the finished mold 


35. Methods of Cavity Construction—Jerome J. Stern 
Emenee Industries, Inc 
The development of the molding industry brought 
along with it many advances in the technology of mold 
construction. New methods have been developed and 


erfected to the point where they have become prac- 


p 
tical and desirable. Among these are pressure cast 
beryllium, electrodeposited hard nickel, the Shaw proc- 

for cast steel, and pre-heat treated steel. This pape 


clarify some of the considerations in the 


f the method of mold production. 


36. Mold Frame Construction—George Beck, Columbia 


Enginee ring Co 
This paper isa basi discourse on tne logic al sequence 
thinking which should be pursued in 
ct a well-functioning mold frame. The 
subject matter extends from the initial 
prope! plastic material to the point 


mold frame 


2:00 to 4:30 P.M. 


Reinforced Plastics 


Moderator—Dr. Russell W. Ehle Low 


l Ir titart 
al S ité¢ 


37. Reinforcement—Rog: |. Amidon and Georg 


Naugatuck Cher 
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Interfacial Relationships in the Adhesion of Poly- 
esters to Glass Fibers—Robert R. Stromberg, Wen- 
dell M. Lee and Alan R. Quasius, National Bureau 

of Standards 
Some interfacial factors related to adhesion were 
studied. Monomolecular layers of stearic acid and poly- 
esters on liquid subphases are compared. Stearic acid 
yields a condensed type isotherm, indicating close pack- 
ing and high cohesion. The monolayer of poly(ethylene 
adipate) at low surface pressure is the gaseous type, 
with very low cohesive forces, and at higher pressures, 
the liquid expanded type. Poly(ethylene succinate) 
remains in an expanded liquid state up to collapse pres- 
sure. Adsorption of polyesters from dilute solutions 
onto glass, silica and alumina was also studied. Con- 
siderably more polymer was adsorbed from a poor sol- 
vent than from a good solvent. A negative temperature 
coefficient was observed for adsorption from the poo: 
solvent and no temperature effect from the good sol- 
This behavior was attributed, in part, to differ- 
in the configuration of the polyester molecule in 


wo solvents 


39. A Statistical Study of the Effects of Variations in 
the Glass Fabric on the Properties of a Resin-Glass 
Fabric Laminate—William J. Eakins, DeBell & 
Richardson, Inc 

The armed forces are concerned with variability in 
quality of glass fabric reinforced plastics materials. In 
working with known and controlled yarn 
and fabric processing techniques, a number of signifi- 


this paper, 
cant observations regarding the source and degree of 
variation in laminate mechanical and physical proper- 


iret nade 


10. The Relation of Physical Properties to the Structure 
of Thermoset Resins—E. H. Wood, Union Carbide 
Plastics Co 

Improvements of the properties of cured thermoset- 
resins are frequently hampered by difficulty in de- 
iining the structures of such materials. While the 

1e structures of cross-linked resins cannot be deter- 
nined directly, much information can be deduced from 
the known structures of the resins before curing. This 
paper utilizes the deduction principle in the case of 
resins, relating the inferred 


uctures to the physic al properties ol the cured resins 


polyester and phenolic 


Wednesday, January 28, 1959 2:00 to 4:30 P.M. 


Blow Molding 


Moderator—Elmer E. Mills, Highland Park, I 


11. Blow Molding—Grant S. Brown, Plax Corp. 

The blow molding of plastics is described with em- 
phasis on methods of manufacture, product design and 
aw material requirements. Six machine processes, 
ranging from the extrusion and blowing of a single plas- 
tic tube to automatic processes requiring no secondary 
trimming operations are discussed. The application of 
each process in reference to product design is reviewed 
along with the raw material requirements for a suitable 
blow molding material 


42. Blow Molding—Comparison of Principles Related 
to Economics and Markets—Vernon Hill, Celanese 
Corporation of America * 

As blow molding equipment is now commercially 
available, the increasing demand for hollow lightweight 
articles in the container, toy and industrial fields is 
focussing attention on this production process. It is esti- 
mated that the consumption of high density polyethyl- 
ene in the United States, for rigid packaging containers 
alone, could be in the region of 240 million pounds pe1 
year provided markets are approached on a realistic 
basis and engineering developments keep pace with re- 
quirements. In view of this, it is intended to provide 
in this paper a preliminary comparative understanding 
of the various principles and methods relative to eco- 
nomics and markets. The paper also briefly encom- 
passes some considerations of future development and 
the need for specialized engineering 


43. Molds for Blow Molding—George E. Pickering, Ail 
Formed Products Corp. 

This paper is a discussion of the use of various mate- 
rials and methods of construction of molds for blow 
molding and their relation to product design and eco- 
nomics of operation. Special emphasis is given to sur- 
face textures, engraving and the use of inserts 


44. Blow Molding Polyethyiene—R. L. Wechsler and 
T. H. Baylis, Union Carbide Plastics Co 
There are two major compromises to be made in blow 
molding operations. The first is in material selection 
and the second in selection of molding conditions. While 


it is obviously impossible to select a set of optimum 


molding conditions for all jobs, the information pre- 
sented in this paper can be used to estimate a set of 
starting conditions and to indicate what variables should 
be changed and how to effect improvement in any par- 


ticular property 


Wednesday, January 28, 1959 = 2:00 to 4:30 P.M. 


Extrusion Il 
Moderator—James F. Carley, Modern Plastics Magazine 


45. A Visual Analysis of Flow and Mixing in Extruder 
Screws—B. H. Maddock, Union Carbide Plastics Co. 
The flow behavior of thermoplastic materials in the 
channel of an extruder has long been recognized as ex- 
tremely complex, almost defying treatment on both a 
theoretical and a mathematical basis. This paper pre- 
sents information derived from an extensive investiga- 
tion into the mechanisms occurring in the 
from solid to melt. It describes a method for visualizing 
the flow of individual particles during melting and the 
contributions of pressure and other operating variables 
to the ultimate fusion and mixing of the molten par- 
ticles into a homogeneous product. 


ransition 


46. The Significant Flow Properties of Thermoplastics— 
Leonard B. Ryder, Celanese Corporation of America 
The extrusion and molding behavior of thermoplastics 
can be understood and predicted by analyzing certain 
significant flow properties. Typical determinations re- 
lating viscosity, shear stress and temperature are used 
in explaining the flow behavior of specific thermoplas- 
tics under processing conditions. The method presented 
in this paper overcomes the limitations inherent in 
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present techniques which determine polymer fluidity 
at temperatures and stresses in ranges far removed 
from those existing in the actual extrusion or molding 
operation. The equipment and data handling procedures 
used in this work are described 


47. Continuous Extrusion and Thermal Curing of Insu- 
lation—Philip H. Rhodes, Philip H. Rhodes & Asso- 
ciates, and H. C. Black, Swift & Co 

A new thermosetting resin has been developed that 
can be extruded onto wore in standard wire-coating 
equipment and post-cured,. A workable setup for doing 
this is described 


Wednesday, January 28, 1959 = 2:00 to 4:30 PLM. 


Injection Molding II 
Moderator—Gerard C. Heldrich, W. R. Grace & Co 


19. Dry Tumbled Blends of High Density and Low Den- 
sity Polyethylene—J. B. Wolheim, W. R. Grace & 
Co. 

This paper describes the properties obtained by a 
mechanical mixture of various types of polyethylene 
with regards to both density and melt index 


50. Injection Molding of FEP-Fluorocarbon Resin 
H. A. Larsen, G. R. DeHoff and N. W. Todd, E 
du Pont de Nemours & Co., Inc 

FEP-fluorocarbon resin is a perfluorocarbon copoly- 
mer of tetrafluoroethylene and _ hexafluoropropylene 
which is similar in many of its properties to TFE-fluo- 
rocarbon resins. The rheological properties of FEP- 
fluorocarbon resin are discussed, and it is shown how 
the operating conditions under which satisfactory mold- 
ings can be made from this resin are related to these 
rheological properties. The most important conclusion 
to be drawn from this relationship involves the desir- 
ability of filling the mold cavity in such a way that the 
shear rate of the flowing polymer does not exceed the 

critical shear rate at which flow instabilities such as 1 

Iracture occu! 


51. Plastic Flow as Interpreted by Birefringence—R. L 
Ballman, Monsanto Chemical Co., and H. L. Too 
Carnegie Institute of Technology 

A mechanism of non-isothermal, unsteady state, plas- 
tic flow has been postulated which is consistent with 

birefringence patterns observed on cross-sections ol 

polystyrene injection moldings. These patterns are ex- 

plained by showing that they are composites of two 
competing effects—molecular orientation indicated by 
shearing forces during flow, and molecular relaxation 
after the shearing forces are reduced when flow stops 

‘he principles implicit in this mechanism have been 

ised to understand the effect of molding variables on 

nolecular orientation. 

52. Technological Barriers Confronting Custom Molders 

Fred T. Tulley, Amos Molded Plastics Co 
The custom injection molding business has grown 


ynsiderably in the past 20 years. The custom molde: 
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has, in a large sense, increased the salability of home 
appliances, automobiles, toys and other products 
through economy, appearance and/or functional designs 
of component parts 


Thursday, January 29, 1959 = 9:00 to 11:30 A.M 


Printed Circuits 


Moderator—Edward B. Murphy, Lincoln Laboratories, 
Massachusetts Institute of Technology 


53. Continuous Peel Strength Measurement of Copper 
Clad Laminates—Charles Kepple, Motorola, Inc 


Protective Coatings for Missile Printed Circuits 

A. E. Hawley and W. E. Weber, Microwave Labora- 

tory, Hughes Aircraft Co 

New coating systems for printed circuitry were de- 

veloped. These include a 100° solids epoxide resin sys- 
tem with improved processability and a silicone resin 
system capable of being cured at low temperature. The 
effect of various modifiers, such as solvents, diluents 
and wetting agents on epoxy, isocyanate and silicone 
coating systems is shown by electrical, thermal and 
physical tests 


55. The Molded Circuit—P. L. Anderson and John A 
Zagusta, Automation Associates 
The use of sheet molding materials in the manu- 
facture of molded printed circuits is described. Various 
base materials in combination with different foils may 


be utilized to produce a three-dimensional circuit pos- 


sessing unique characteristics. Applications of the 
molded circuit in electronic design, for switching, in 
appliance and automotive uses are discussed. Several 
mechanical methods for generating the foil pattern, to- 
gether with low-cost mold constructions, types of 
equipment, molding cycles and deflashing are outlined 
56. Status of Microminiaturization—Philip J. Franklin, 
Diamond Ordnance Fuze Laboratories 

The history of microminiaturization of electronic de- 
vices is traced from the late 1940's, when complete 
electronic circuits were first printed, to the present day, 
when solid circuits employing uncased components ar¢ 
being built up in nearly two-dimensional form. Com- 
mercial and experimental techniques for producing 
components for use in microminiaturized electronic as- 
semblies are described together with some proble ms 
related to their utilization. Areas of ire effort in 


these and othe: components are 


9:00 to 11:30 AM 


Thursday, January 29, 1959 
Plastics in Buildings 


Moderator—Dr. William Goggin, Dow Chemical Co 
57. Evaluating Polystyrene Plastics With Improved 
Ultra-Violet Light Stability for Use With Fluores- 
cent Lighting—Daniel A. Popielski and R. A. Mc- 
Carthy, Monsanto Chemical Co 
The use of plastics in building illumination has in- 
creased in volume in recent years. Plastics offer the 


f 


illumination field many advantages, including ease of 
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fabrication transmission and light di 
The growth of! 


plastics illumination has been somewhat retarded, how- 


control of light 


ising levels, and ease of maintenance 


ver, by failures of cellulose acetate and certain 


velopmental styrenes to meet fabrication and long- 


past 
performance requirements of the lighting industry 
ymponent design, conditions of usage o1 


8. More Plastics—Better Buildings—-E. E. Ziegl 
Chen al Co 
paper discu 


be 


% Permanence of in Building—Pro! 
G. H. Dietz, Ma T 


{ 


dominant 


pecting 


es 


lustry an activity deen] 


n; the plastics industry is not. The introduc- 
difficult due 
home buvers 
The 
and sub 
The set ynd pre 


ye difficulties initially, but offers greats 


infamiliar forrns is 


emotional itude ol 


*W and 


There are avenues open first 


m approach imitation 
, 
nas plastics bathroom tiles 


long run. This approach basically is ar 
ange the forms in building themselves so 


mats il becomes the 


only logic il SO 


Phursday, January 29, 1959 9:00 to 11:30 AM 


Test Methods 


Moderator—Dr. F 
61. A Critical Review of Methods for Determining 
Hardness, Abrasion and Wear Resistance of Plastics 
sadislay Boo! Milita Clothing w Textil 
Philadelphia (Juartermaster Depot 


Su ] 


WDpiy 


t ry rer ryt 
. ! U ! neasureme oO 


ised for o 200 


plastics found their way 
tions where they displaced 


indentation methods 
‘ tot fy } } 
oO predic p obabk pertormance and t 


cation of the 


hanges taking place in a 


It has become generally accepted that no single hard- 
ness test will give a valid answer to all the problems 
encountered in the technical utilization of plastics 
Each specific aspect of the hardness property Is dis- 
cussed at length, explaining the various testing ap- 
proaches and instruments which have been developed 


for each 


62. A Review of Stress-Cracking in Polyethylene—J. B 
Howard, Bell Telephone Laboratories, Inc 

Stress-cracking is differentiated from othe: types of 

Methods for determining 


reviewed critically 


similar phenomena stress- 


cracking are Results of such tests 


are presented and analyzed. 


63. A Critical Review of Methods for Measuring Flam- 
mability of Plastics—W. J. Sauber and G. A. Patten, 
Dow Chemical Co 


The “flammability” of a 


plastic is an obscure ern 


is properly defined by a test conditior Flam- 


inless it 


mability tests not only define fire behavior, but deter- 


mine how and to what extent a plastic will be used fo 


many applications. Tests are discussed in terms of var- 


Each 


Example s ot tests fitting into each class 


ious classes class has its value and mitation 


viewed 


64. A Critical Review of Methods for Determining 
Properties of Reinforced Plastics at Elevated Tem- 
peratures—George P. Peterson and Donald L 
Schmidt, Wright Air Development Cente 
Patterson Air Force Base 

Since reinforced plastic materials art 
tinually broader applications in all types 


it is essential that the factors ig thei 


performance be clearly understood by 
that the 


terials can be 


and 


strength 


designers so itmost efficiency ot these ma- 


obtained most serious 


Probably the 


facto. yet encountered has been the effect of exposurt 


to elevated temperature. The increase in the tempera- 


ture requirements have quite natur: lly 


plac ed a great 


strain on the evaluation procedures necessary to de- 


termine plastic material capability. The purpose of this 


paper is to review some of the test methods which are 
presently being utilized to supply the ever-increasing 


flow of els vated temperature design data to the designe: 


Thursday, January 29. 1959 9:00 to 11:30 AM 


Mold Design II 


Moderator—John 


65. Mold Heating—Steam vs. Electricity—Ha 
and Howard C. Luke, Tech-Art Plastics C 


rhis paper brings into focus the advantages 


advantages of both types ol heat for the 


thermosetting plastics. Allowances d f 
existing plant conditions with an basic 
COI 


The use 
heaters and strip heaters is described ar 
Cost studies are 
ous mold and press conditions 


1version methods used ‘artridge 


iparisons 


given ol cycle time reviewed on vari- 
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Packaging Notes U.S.1. Holds Polyethylene Conference 


Poly Cap for Lighter Fluid and House- 


hold Oil Cans features a valve syout | FOF Export Agents from Around the World 
that moves on an undercut track. The 

indercut Sig gives ¢ tigh seal i - 

which ono Sak Sulesne sauicaienmn Discuss Latest Technical Developments, Growing Overseas Markets 

parts oem a : rye tne . i j =) ’ gent representing 20 01 i markets were the guest of U.S.I. at a 
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ana 1n¢ 
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a 
Export agents from 20 countries disembark 
from plane prior to visiting U.S.I. plant at 
Tuscola, Ill. for first-hand view of polyethyl- 
ene resin production 


Poly Film Packaging Cuts 
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—_— 
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packaged in economy rolls of up to 144 per 
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include cake, p 





WHEN YOU SHUT DOWN 
WITH A PETROTHENE® RESIN PURGE 


This special resin is simple to use. A few minutes 


if you extrude or injection-mold polyethylene, you no 
longer have to put up with rejects or costly scrap when 
you start up a cold machine. Feeding U.S.I.’s new 
PETROTHENE” 205-1 special ‘‘Shut-Down” polyethylene 
resin to the machine a few minutes before shut-down 
minimizes production losses on start-up. 


With PETROTHENE® 205-1, such problems as gels, 


fish-eves, off-color, and other resin deterioration 
signs that often show up for hours after start-up 
will be remarkably decreased, That’s because it has 
been specially prepared to withstand prolonged 
exposure to high temperature. Thermal degrada- 
tion is inhibited when 205-1 is held in the machine 
follow 


during cooling and heating periods that 


halts in production. 


before shut-down, it is fed to the machine until the 
normal resin has been purged. Since production at 
start-up is often usable, there is little or no waste. 
PETROTHENE® 205-1 is form, 


supplied in pellet 


packed in 50-lb. bags. 


For more complete details on how you can reduce 
post-start-up scrap with this speciai shut-down 


resin, contact your nearest U.S.I. office, or write 


DUSTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corp 
99 Park Ave., New York 16, N. Y. 
Branches in principal cities 





66. Insulated Runner Systems for Injection Molding 
J. N. Scott, D. L. Peters and P. J. Boeke, Phillips 
Chemical Co 

A recent development in mold design principals and 
molding technique described as insulated runner mold- 
ing combines the desirable features of three plate and 
hot runner systems and circumvents many of the diffi- 
culties normally associated with these molds. This new 
technique greatly facilitates injection molding opera- 
tions and considerable savings are realized in initial 


mold costs and increased production rates 


67. Casting Large Plastic Tools—L. F. Bogart, Repre- 
sentative for Marblette Corp. 
New case-history data on casting stretch 
forms, hand hammer forms, draw dies, spotting tools and 
other tools are provided to show that improvements 
materials and methods have broken through the size 
barrier. Now extremely large castings can be mad 
with high strength and other desirable properties, clos: 
dimensional tolerances and _ stability at savings in 
weight, time and cost that become proportional to the 


size of the tool 


68. The Challenge of Precision Molding and Mold Con- 
struction—Richard Bell, International Business Ma- 
chines Corp. 

This paper describes the molding of four precisior 
parts, two thermoplastic and two of thermosetting ma- 
terials. It discusses molds built by gauge makers, with 
tolerance control up to the limits in mold construction 
and the plastics materials used. It illustrates the grow- 
ing need in industry for precision molding and points 
out that the parts described were made possible only 


f 


by using sources outside of the plastics industry 


Thursday, January 29, 1959 2:00 to 4:30 PLM. 


Ultra High Temperature Reinforced Plastics 


Moderator—Dr. William R. Lucas, Army Ballistics Mis 
siles Agency 


69. Designing Reinforced Plastic Systems for Ultra 
High Temperature Use—Dr. Elmer P. Warnken, 
Cincinnati Testing & Research Laboratories 


Behavior of Reinforced Plastics Surfaces in Contact 
With Hot Gases—H. A. Perry, I. Silver, H. C. An- 
derson and F. A. Mihalow, Naval Ordnance Lab- 
oratory 
The resistance of reinforced plastics to deterioration 
by exposure to elevated temperatures for prolonged 
periods has been the subject of extensive research 
and development. This work has been stimulated since 
about 1947 by a desire to exploit the materials as 
lightweight, structural dielectrics in the construction 
of radomes and other non-metallic parts for transoni 
and supersonic manned flight vehicles. More recently 
a strong interest has developed in the possible use of 
reinforced plastics as materials for the construction o 


heat shields for ballistic missiles 


71. Appreciation of Reinforced Plastics to Re-Entry 
Ablation—Dr. M. A. Bruell, School of Civil E: 


gineering, University of Pennsylvania 

Reinforced Plastics for Rocket Motor Applications 
George Epstein and J. C. Wilson, Aerojet-Genera 
Corp 
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Thursday, January 29, 1959 2:00 to 4:30 P.M. 


Cellular Plastics—Foams 
Moderator—Alan J. Breslau, Thiokol Chemical Corp 


73. Plastic Foams—C. R. Davall, Union Carbide Plas- 
tics Co 

A brief account of the phenomenal growth of plas- 
tic foams in the past decade launches this examination 
of today’s foam market. Operating on the premise that 
there is room and need for all of the foams, this pape 
gives a short description of each of them and their 
major areas of application. Several comprehensive tables 
are included which provide convenient reference tools 
and which bring together information seldom assembled 
in one place. Foams included in this general market 
survey are polyethylene, vinyl, polyurethane, polysty- 
rene, phenolic, urea, polyester, epoxy, silicone and cel- 


lulose acetate 


74. Glass Microballoon Spheres—W. R. Cuming, Emer- 
son & Cuming, Inc., H. E. Alford and F. Veatch, 
Standard Oil Co. (Ohio) 

This paper describes a new primary component for 
foam formulation now commercially available. Having 
the form of microscopic, hollow, closed glass spheres, 
it is a free-flowing powder which can be bonded with 
various organic or Inorganic agents to produce foams 
and other lightweight compositions with a wide variety 
of physical and electrical properties. Property com- 
parison with various binders and other fillers are given 


75. The Use of Polyether Triols in Urethane Foams— 
R. K. Seizinger, S. Davis, J. M. McClellan, Jr., and 
K. C. Frisch, Wyandotte Chemical Corp 
A new series of polyether triols, propylene oxide 
adducts of trimethylolpropane, appears to be valuable 
for obtaining a wide range of physical properties in 
urethane foams. Depending upon the molecular weight 
of the triol used, the resulting products range from 
flexible foams for the higher molecular weight members 
to semi-rigid and rigid foams for the lower molecula 
triol 


76. Modified Rebound Pendulum for the Evaluation 

of Flexible Foam Materials—L. A. Rosenthal and 

G. I. Addis, Union Carbide Plastics Co 

By modifying a rebound pendulum, it is possible to 
study in greater detail the impact properties of flexible 
foam materials. The pendulum is integrated with a 
precision potentiometer so that angular position vs. time 
curves Can be plotted ona recorde! Typi ‘al observed 
data are presented and discussed together with the op- 


eration and theory of the equipment 


Thursday, January 29, 1959 2:00 to 4:30 PM. 


Epoxy Resins 

Moderator Jerome Bassin. The Bordon Co 

77. A New Chlorinated Epoxy Resin—Dr. Harold G 
Cooke, Jr., Jones-Dabney Co 

Epi-Rez 5161 is a low molecular weight epoxy resin 

prepared by the condensation of epichlorohydrin with 

whic n 


tetrachlorobisphenol The resin ontains ap- 
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proximately 30° chlorine, is recommended for use in 
flame resistant laminates and pottings. 


78. Reactive Diluents in Epoxy Resin Systems—Frank 
E. Pschorr and Elliott N. Dorman, Ciba Products 
Corp. 

Liquid epoxy resins, based upon bisphenol-A and 
epichlorohydrin, are sometimes too viscous for use in 
certain applications. The viscosity of liquid resins can 
be reduced by the addition of solvents, plasticizers or 
reactive diluents. The use of solvents is impractical 
in applications where they cannot be removed prio. 
to curing the resin. Plasticizers cannot be tolerated in 
many electrical applications or where heat resistance 
properties are required. Ideally, a reactive diluent 
should reduce the viscosity without appreciably affect- 
ing the other properties characteristic of the unmodified 
resins. However, in practice, reactive diluents act as 
chain stoppers and thereby prevent the building up of 
long polymer chains which are responsible for the ex- 
cellent properties of liquid epoxy resins 


79. A Unique Modifier for Epoxy Resins—H. D. Barn- 
storff, H. David Cummings, J. A. Cannon and A. Y 
Coran, Monsanto Chemical Co 

This paper describes a new modifier for liquid epoxy 
resin systems which makes these resins more efficient 
and economical as potting and encapsulating compounds 
for electronic components 


80. Refractive Index Method for Determining Cure 
Rates of Epoxy Resins—Hans Dannenberg, Shell 
Chemical Co 

The rapidly expanding field of epoxy resins has 
created a need for additional methods of testing and 
evaluating. This paper aims at creating background 
information on the performance of the components 
under a given set of conditions. A method has been 
worked out by which the refractive index of epoxy 
compounds is measured while the cure is in progress 

By the use of this method, cure rates can be determined 

at various temperatures, and the reactivity of epoxy 

esins, curing agents and cure promoters can be pre- 


cisely described and predicted 


Thursday, January 29, 1959 2:00 to 5:00 PLM. 


Plastic Packaging: Workshop 


Moderators—E. A. Haddad and R. R. Moyer, Monsanto 


Chemical Co 
81. New Trends in Plastic Film Materials 


Section Moderator—Dr. Leonard Simerl, Olin Math- 
ieson Chemical Co 


i. Linear Polyethylene Packaging Film—W. L. Faw- 
cett. Phillips Chemical Co 

The new linear polyethylene films are now a reality 
They are being produced at economical production rates 
on the same basic equipment that has produced low 
density polyethylene film for years. This new packag- 
ing film is available in both translucent and transparent 
forms. It offers the greatest permeation barrier ever 
obtained in a polyethylene film. The major areas of ap- 
plication are in free wraps, overwraps, light bagging 
and pouches. Large potential is foreseen in the baking, 
consumer paper products, textile, tobacco and candy 


industries 
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b. The Properties and Application of Oriented Poly- 
styrene Sheet in Packaging—D. P. Meiklejohn, 
Monsanto Chemical Co. 

Oriented polystyrene is gaining recognition as the 
future workhorse of clear rigid plastic packaging. An 
examination of properties, performance and price clear- 
ly establishes the reasons for this recognition. Biaxial 
orientation produces a tough, rigid sheet with out- 
standing clarity and sparkle. Among the many products 
that are packaged in oriented styrene are toys, cos- 
metics, greeting cards and hardware items 


c. Polyester Films for Packaging—H. S. Carl, E. I. du 
Pont de Nemours & Co., Inc. 

The characteristics of Mylar polyester film combine 
to provide a unique property balance for superior per- 
formance in packaging applications. Its durability, di- 
mensional stability, low gas and moisture transmission 
rates and resistance to aging and solvents offer packag- 
ing engineers a new tool for solving difficult applica- 
tion problems. A heat-shrinkable form of the film has 
been developed. 


82. New Trends in Injection Molding Equipment and 
Methods 


Section Moderator—John Press, Federal Tool Co 


a. Horizontal High Speed Machines—George White- 

head, Improved Machinery, Inc. 

The use of plastics materials in container packages 
has brought about great advances in the development 
of injection molding machines, particularly along the 
lines of special purpose applications. In order to pro- 
duce containers economically from plastics materials it 
was necessary to meet certain cost considerations in- 
volving material and rate of production. This require- 
ment demanded that thin-wall, lightweight containers 
be molded at high speeds. This remarkable progress 
in the design of high speed machines is being carried 
over into the design of machines of all sizes with the 
result that the injection molding of all items will take 
on a new aspect as far as quality and economy are con- 


cerned 


b. Equipment and Techniques for Thin-Wall Packag- 
ing —David J. Sloane, Lester Engineering Co 

This paper describes the equipment and techniques 
used by customers of the author in the production of 
thin-wall containers for dairy, food and toy industries. 
The paper points out the changes that have been in- 
corporated in machinery to accommodate the increasing 
demand for higher speed production, improved products 
and safety. Described in detail is the so-called flood 
feeding technique which is a method for eliminating 
lost motion in the plunger travel regardless of cycling 
speed. Also discussed is a multiple nozzle manifold 
which mounts into a machine like a sub-mold to permit 
sprueless molding in multiple cavity molds. This is an 
alternative system to hot runner molding 


c. A New Concept for High Speed Injection Molding 
H. A. Corbett, Reed-Prentice Div.. Package Ma- 


chinery Co. 


83. New Trends in Thermoforming Equipment and 
Methods 


Section Moderator—E. B. Stratton, Auto-Vac Div., 
National Tool Co 
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a. Thermoforming Machines—Eugen Weber, Hydro- 
Chemie Corp. 

This paper presents a brief history of thermoforming 
machines with detailed explanation of the latest de- 
velopments and most important phases of sheet forming 
Problems involving deep draws are emphasized. 


b. Pressure Forming Machinery for Sheet Plastics 
E. Boyd Gardner, Emhart Mfg. Co. 

Air pressure of 300 pounds per square inch, com- 
bined with contact heating, provides a high speed proc- 
ess for forming articles from oriented polystyrene 
sheet. Remarkable fidelity of detail and very difficult 
draws are possible. The process is applicable to rigid 
vinyl, high impact polystyrene and Mylar 


c. The Function of the Custom Former in Packaging 
C. Knowlton Shaw, Jr., Shaw-Randall Co., Inc 
This paper delineates the vital role of the custom 
former and fabricator with respect to plastics in packag- 
ing. Major components of the cycle, involving design, 
fabrication and merchandising aspects, together with 

materials technology, are presented 


84. Design, Graphic Arts and Application Factors 
Section Moderator—Dr. Lous C. Barail, Barail Asso- 


clates 


a. Trends in Design—A. Drummond, Jr., Walter Dor- 
win Teague Associates 
The impact of material trends correlated with package 
design trends are revealed in this presentation 


b. Inks for Plastic Films—Douglas Tuttle, Interchem- 
ical Corp 

The usefulness of plastics films depends in great part 
on their ability to be printed for decorative and/o: 
informative purposes. This means that inks must be 
formulated not only for good adhesion, but in many 
cases to meet certain special specifications. Various 
methods of printing films, and the inks required, are 
discussed in this paper 


c. Electrical Discharge Surface Treatment of Polyethy- 
lene Film—H. E. Wechsberg and J. B. Webber, Mon- 
santo Chemical Co. 

The surface treatment of polyethylene films by an 
electrical discharge method has been studied. Using a 
new quantitative evaluation method, the degree of 
treatment has been correlated with applied voltage, 
film speed and electrode gap. The effect of treatment 
on heat-sealability has been investigated and a study 
made of the influence of two typical slip additives which 


} 


are shown to reduce treatability, particularly when 


treatment is not carried out “in line” with the extrude: 


Friday, January 30, 1959 9:00 to 11:30 A.M. 


New Materials 


Moderator—Robert Sherman, Union Carbide Plastics 
Co. 


85. New Developments in ABS Polymers—Howard H 
Irvin, Marbon Chemical Div., Borg-Warner Corp 
During the last two years the term ABS plastics has 
become the accepted nomenclature for polymers con- 
taining acrylonitrile, butadiene and styrene. Although 
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mechanical blends of butadiene acrylonitrile rubber 
and acrylonitrile styrene copolymer resins were mar- 
keted in the late 1940's, it was not until early 1954 that 
a single polymer containing acrylonitrile, butadiene and 
styrene was produced. Since that time, ABS materials 
have been created which exhibit increased surface 
hardness, tensile strength, heat resistance and rigidity. 
This paper reviews the properties of the ABS materials 
compared to other classes of tough thermoplastic ma- 


terials. 


86. Reverse Polyesters—Irving E. Muskat, Elkin Chem- 
cal Co. 

A new series of condensation-type thermosetting 
resins—referred to as Elkinite Resins—has been devel- 
oped possessing characteristics which fulfil two basic 
present-day needs of the plastics industry. The first 
group consists of resins moldable at low pressure by 
standard methods with established equipment. The 
other consists of water-soluble resins suitable for coat- 
ings, adhesives, binders and impregnants. This paper 
discusses the properties and use of both types 


87. Epoxidized Polyolefin Resins—Frank Greenspan 
Chris Johnston and Murray Reich, Food Machinery 
& Chemical Corp. 

A novel epoxy resin, code designated A-20-75, is 
described in this paper. Chemically, this resin can be 
classified as an epoxidized polyolefin. It is polyfunc- 
tional, containing epoxy groups along with hydroxyl 
groups and double bonds. Epoxy groups are present 
in both internal and external positions in the molecule, 
and are not limited to two in number. 


88. Progress in Polymer Research—Irving Skeist, 
Skeist & Schwarz Laboratories, Inc 
This paper covers current research on stereospecific 
polymerization, aromatic rings and fluorine substitu- 
tion approaches to obtain higher temperature polymers 


Friday, January 30, 1959 9:00 to 11:30 A.M. 


Adhesives 
Moderator——Jerome Been, Rubber and Asbestos Corp 


89. New Developments in 100% Solids Elastomeric Ad- 
hesives—E. M. Chmiel, Adhesives Coatings & 
Sealer Div., Minnesota Mining & Mfg. Co 

Recent polymer technology has resulted in liquid or 
semi-liquid materials that readily convert to an elas- 
tomer stage. This brings about new ideas in adhesive 
applications. In order to obtain maximum performance 
from any adhesive it is necessary to take advantage in 
design of the four basic types of adhesive joints: tensile, 
shear, cleavage and peel. A description of these different 
bonds shows the force distribution when a joint is 


under stress 


90. New Developments in 100% Solids Epoxy Adhesives 
Martin M. Grover, Rubber & Asbestos Corp 

3onding potentialities of some of the newer resins 
such as the novolac and peracetic acid derived epoxies 
are reviewed. It is suggested that they will permit the 
development of adhesives with higher service temper- 
atures than are now available. Adhesives with greater 
flexibility for semi-structural applications are also pro- 


jected. Te ‘hniques ire discussed for converting these 


1 
| 
I 


presently commercial epoxy 


new resins as we 


YY 





esins, into useful adhesives Special emphasis 1S placed 
methods to provide balanced conditions of high heat 


tance and good peel properties 


‘1. New Hot Melt Adhesives and Applying Equipment— 

John C. Eldridge, United Shoe Machinery Corp 
This paper is a discussior of new techniques in th 
vandling and application of hot melt adhesives. The 
idvantages and limitations of hot melts in cord-like 
are reviewed with ‘mpnasis on controlled heating 


ersatility 


metering am cast of handling 


Chemistry and Performance of Cyanoacrylate Ad- 
hesives H W Coove! Ji F B Joyner, N H 
Shearer and T. H. Wicker, Jr., 


( 


Tennessee Eastman 
Alkyl 2-cyanoacrylates undergo rapid, spontaneous 
polyme rization to form strong bonds when pressed into 
thin film between two surfaces. This reaction provides 
sic for a radically new type of adhesive. The ad- 

ve functions by an anionic polymerization catalyzed 

by traces of water or other weak bases present on the 
adherend surfaces. Bonds formed with this adhesive 
have good resistance to heat, cold, chemicals and 
veathering. The combination of rapid setting action 
and strong bonds formed with a wide variety of ad- 
herends suggests many industrial and household appli 


itions for these new adhesives 


Friday, January 30, 1959 9:00 to 11:30 ALM. 


Permanence Properties 
Moderator —Dr. Turner Alfrey, Dow Chemical Co 


93. The Comparison of Time Dependent Mechanical 
Properties of Plastics—Prof. Bryce Maxwell, Prince 
ton University, Plastics Laboratory 

The time dependent mechanical properties of plastics 

are discussed using data on polyethylene, polyviny! 
chloride, polypropylene and polystyrene as examples 
The interrelation between stress-relaxation, creep and 
dynamic mechanical properties are presented and the 
mportance of fabrication conditions as they influence 
these properties are considered. The effects of tempera- 
ture and environment on the stress-relaxation and 
dynamic mechanical properties are discussed togethe 
with the interpretation of these properties from both 
the theoretical and technological point of view 


94. Creep Behavior of Transparent Plastics at Elevated 
Temperatures—Frank L. McCrackin and Charles F 
Bersch, National Bureau of Standards 

Plastics, like many other materials, exhibit creep 
or changes in shape or dimension under protracted 
loading. Creep occurs especially in structural appli- 
cations where the plastics must withstand large stresses 
and, frequently, high temperatures. The creep behavio 
of transparent plastics was investigated to define the 
upper temperature capabilities of plastics used as air- 
craft glazing in canopies, windows and _ windshields 

Experiments were designed to measure creep elonga- 

tions of plastics exposed to temperature differentials 

and to biaxial stresses. The first part of this pape: 
reports the results of simple creep elongation measure- 
ments for a number of transparent plastics. The latte: 
part presents theories and results from temperature- 


lifferential studies and biaxial-stress studies 


1O0 


95. A Comparison of Short-Time vs. Long-Time Prop- 
erties of Plastic Pipe Under Hydrostatic Pressure— 
Leonard F. Sansone, Jr., National Tube Div., United 
States Steel Corp. 

Characterization of the types of failure and methods 
of stress rating have been determined for four thermo- 
plastic pipe materials—linear polyethylene, ABS Type 
II, and PVC Types I and II. Stress ratings based on 
short-term burst data have been shown to be inade- 
quate, and methods of long-term testing have been 
develoed along with methods of rating based on the 


type of failure observed 


96. Effect of Space Conditions on Plastices—John J 
Lamb, Radio Corporation of America 


Friday, January 30, 1959 9:00 to 11:30 A.M. 


Compression Molding 


Moderator—Edward Vaill, Union Carbide Plastics Co 


97. Developments in Thermoset Materials—Edward F 
Borro, Durez Plastics Div., Hooker Chemical Corp 
Probably the most important problem plaguing the 
phenolic manufacturers since their inception has been 
the development of a color-fast, economical phenolic 
molding compound. So far as we know, this problem 
has never been solved. About ten years ago it was 
decided to attempt a new approach to the old problem 
namely, to make a new thermosetting material which 
was color-fast and with physical and molding prop- 
erties of phenolics. This is now a reality with polyeste: 
molding materials. General purpose and medium impact 
materials are now being produced in a full range of 
opaque colors. Color stability with excellent physical 
and electrical properties has opened new applications 


in many industries 


98. The Principles of Rotary Molding—John C. Reib, 
The Rainville Co., Inc 

Automatic rotary compression molding has proven 
to be the most logical production method for small 
size, high volume parts. The basic principles of single 
cavity presses mounted on a constantly moving rotary 
table eliminates many of the variables encountered in 
conventional multiple cavity, flat bed press molding 
Each press or “station” is passed by the same heating 
zone and is fed individually by the same single station- 
ary powder or preform feeder. New developments in 
rotary machines and their use are discussed in this 


paper 


99. Technology in Application of Very High Frequency 
Electronic Preheating for Thermosetting Molding— 

J. F. Trembly, W. T. LaRose & Associates 
This paper encompases the evolution in design of 
preheaters from the early days of large, complicated 
units of low frequency to the present small size, de- 
pendable units of high frequency. Reference is made 
to the developments in application of vhf electronic 
preheating of loose powder in fully automatic com- 
pression molding, and fully automatic plunger molding 


with preheated preforms 


100. Blow Loading of Inserts Robert W. Burgess, 
Whitso, Inc 


~ *«* * 
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How Enjay 
will serve 
the plastics 


industry... 


A new plant to produce the versatile new plastic, Polypropylene, will be 
completed in early 1960. WATCH OUR PROGRESS REPORTS. 
They'll tell you all about this new 

A special new laboratory is under construction. It was designed product ...and when samples will 
o simulate manufacturing and testing facilities used for modern plastic be ready 
molding and fabricating. oil 

Enjay will offer industry 4 Polypropylene with the utmost versa- 

tility in its physical and chemical properties. This Polypropylene is a material 

that meets rigid industrial specifications. And its ease of color fabrication 

means greater eye-appeal to boost consumer sales. Combine these important 

qualities with low specific gravity and low initial cost, and you’ll understand 

why it might be wise to begin now to consider a change-over... fo Enjay 

Polypropyle ne! 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 
ENJAY COMPANY, INC. 

15 West 51st Street, New York 19, N. Y. 

Akron « Boston + Charlotte « Chicago « Detroit « Los Angeles «+ New Orleans « Tulsa 
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TECHNICAL MEETINGS CALENDAR 


1959 RETECS 





—— 15TH ANTEC 


Wortpwipe ApvaANcEes IN PLAsTics 

January 27-30, 1959, The Commo- 
dore Hotel, New York City. Spon- 
sored by the Newark and New York 
Sections. The complete program, in- 
cluding abstracts of papers to be pre 


sented appears on pages 87-LOO. 


——— 1959 NATEC—— 


NATIONAL TECHNICAL CONFERENCE 

October 13-15. 1959, The Ambas- 
sador, Los Angeles, Calif. For more 
information, contact Jack G. Fuller. 
Jr.. Hercules Powder Co 54160 Wil 
shire Blvd., Los Angeles, Calif. 


——— WORKSHOP 


ExTrusion—April, 1959. Sponsored 
by the Eastern New England Section 
in cooperation with the Extrusion 
PAG. For more information, contact 


Robert D. Sackett, 15 Western View 


Circle, East Longmeadow, Mass. 


PLASTICS IN THE SHOE INDUSTRY 
April 21, 1959, St. Louis, Mo. Spon- 
sored by the St. Louis Section. For 
information write to Robert S. Mc- 
Dorman, Plastics Molding Co., 4211 
N. Broadway. St. Louis, Mo. 


PLASTICS IN THE METAL INDUSTRY— 
May 7, 1959, Penn-Sheraton Hotel, 
Pittsburgh, Pa. Sponsored by the 
Pittsburgh Section. For information 
write to John Parks, Hydraulic Press 
Mfg. Co., 512 Empire Bldg., Pitts- 


burgh 22, Pa. 


Piastics FinisHinc—October 18, 
1959, Niagara Falls, N.Y. Sponsored 
by the Buffalo Section with the co- 
operation of the Plastics Finishing 
PAG. For information write to Gor- 
don K. Storin, 3 Forest Rd., Lewiston 
Heights, Lewiston, N.Y. 


Autumn, 1959, 
Sponsored by the 


VINYI PLASTICS 
Cleveland, Ohio. 


Cleveland-Akron Section. For infor- 
mation write to W. D. Martin, 12333 
Chippewa Rd., Brecksville, Ohio. 


—SECTION MEETINGS—— 


WESTERN New ENGLAND—January 
7, 1959, Bradley Field, Terrace Din- 
ing Room, Windsor Locks, Conn. 
Earl W. Veazey will speak on “Poly- 
styrene in Lighting” and Arthur W. 
Logozzo will speak on “Mold Polish- 


ing.” 


NORTHWESTERN PENNSYLVANIA 
January 22, 1959, Eagles Club, Erie, 
Pa. Larry Ulmschneider will present 
a movie and talk on “Injection 
Molding by Automatic Means at Ko- 
dak Park.” 


BALTIMORE- WASHINGTON January 
13, 1959, Langley Park Hot Shoppe, 
Washington, D.C. A panel will dis- 
cuss the “Role of Chemical Finishes 
in Reinforced Plastics.” 





eitlocke 


CONVEYORS - DRYERS + SPECIAL EQUIPMENT | 


Automatic Dryers 
Dehumidifies drying or toa 
minus 20 dew point in a 
closed system preheats 
capacities to 600 


moter'ai 


ibs. per hour 





Bulk Handling Conveyors 
Automatic or manual - 


to 2,500 Ibs. per hour 


custom built equipment 


WHITLOCK ASSOCIATES 
21655 Coolidge Hwy., Dept. S 


The Complete Line of 


capacities Automatic 


The Whitlock line gives you both standard and 
Write for complete catalog 


INC. 
Oak Park 37, Mich. 


Filter Cone Attachment 


- eliminates dust caused 
when transferring plastic materials. 


Self Supporting Conveyors 
Automatic or manual 
1,200 Ibs per hour 


- capacities to 
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Golden Gate 





New Developments in 
Structural Adhesives 


J. O. Turner 


The November meeting was held 
at the Ivy House in San Francisco. 
A report was given on the recent 
RETEC. 

“New Developments in Structural 
Adhesives” was the subject of an 
informative talk Tony 
Apton, technical representative of 
the Adhesives Engineering Div., 
Hiller Aircraft Corp. Mr. Apton 
gave a brief resume of the remark- 
able modern family of adhesives 
growing up around the epoxies. He 
reviewed the general properties of 
epoxy-based adhesives and their ap- 
plication. He gave a thorough re- 
view of the very substantial industry 


given by 


which uses structural adhesives not 
only for aircraft, but for many other 
metals applications as well as ce- 
ramic and concrete. 


Eastern New England 





Panel Discussion 
H. C. Cookingham 


The October meeting was held in 
the Sea and Surf Restraurant in 
Framingham. It was composed of an 
informal question-and-answer type 
program with a panel of members 
answering the questions. All types 
of questions were thrown at the 
panel which was composed of 
George P. Kovach, nylon and sty- 
rene; Richard E. Leary, acrylics and 
other thermoplastics; Robert D. 
Sackett, extrusion; Theodore A 
Underwood, tooling; and Hans H. 
Wanders, thermosetting materials. 
The panel was moderated by Profes- 


January, 1959 
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sor Russell W. Ehlers of Lowell 
Technological Institute. 

A meeting of the Section Board 
of Directors was held November 6 
George Kovach, of Foster-Grant Co., 
was elected President to replace 
William Nissen who is no longer in 
the New England area. It was voted 
that at each monthly meeting, four 
senior students from the Plastics 
Course at Lowell Technological In- 
stitute should be invited to attend 
as guests of the Section. It was 
also voted that all future Section 
meetings would be held on the 
fourth Tuesday of the month at the 
Sea and Surf Restraurant 


Rochester 


Tooling Problems 


Peter T. Schurman 
The October meeting took the 
form of a panel discussion of the 
problems facing the tool industry 
Members of the panel were: George 
Erdle, Erdle Mfg. Co., George Nuard, 
Mohawk Tool and Die Corp.; Hel- 
mut Gebhardt, Alliance Tool and 
Die Corp.; and Gerard V. Delaire, 
Eastman Kodak Co., Apparatus and 
Optical Div 


Binghamton 





Automatic Molding 


Leo J. Pranitis 


The October meeting was held at 
the Vestal Steak House with forty 
members attending. Leroy Chellis 
presided in the absence of Section 
President Emery Slaght. The Nomi- 
nation Committee for the coming 
election was announced, and the 


group was briefed on the voting 
procedure. 

Speaker of the evening was Law- 
rence A. Ulmschneider of Eastman 
Kodak who, with the aid of a sound 
movie, explained the extremely in- 
teresting automatic injection mold- 
ing being done at Kodak Park. 
This was followed by the show- 
ing of three slides illustrating 
various heater designs evaluated at 
Kodak Park. Mr. Ulmschneider ex- 
plained that his presentation was in- 
tended to inform rather than sell, 
and throughout his talk he stressed 
the point that high quality of pro- 
duction was one of the important 
results of automation. 


Baltimore-Washington 





Craft and Block 


Polymerization 
Taylor A. Birckhead 


A very interesting explanation of 
the difference between graft and 
block polymerizations and their ef- 
fects was given at the November 
meeting by Dr. David S. Ballantine 
of Brookhaven National Laboratory. 
Dr. Ballantine discussed the means 
of accomplishing each method, citing 
various materials which lend them- 
selves to each process. He also dis- 
cussed the advantages and disad- 
vantages of the two methods 


Southern California 





Plastics Tooling 
John A. Stahmann 


The Southern California Section 
of SPE participated in a joint meet- 
ing with the local section of SPI 
on November 6. John Delmonte and 
Ray Seymour were in charge of the 
program 

Lloyd Oye established the history 
and background of plastics tooling 
on the West Coast. Twenty years 
ago the progressive aircraft industry 
led the country in demonstrating 
how the high costs of short runs 
could be reduced with plastics tool- 
ing 

Albert Fullerton discussed appli- 
cations and Fred Foster elaborated 
on current trends in plastics tooling 
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Tri-State 


Acetal Resin 


B. E. Higginson 


President Harold Gross- 
opened the October meeting 
troducing the newly-elected 

if Directors 
speaker of the evening was 
John Dockum of Du Pont who is 
a member of the Section. He spoke 
‘Delrin Acetal Resin, a New 
Material.” With the aid 
id samples he described 


and disady antages 


Cleveland-Akron 





Vinyls 
Edward J. Haskins 


rhe meeting was held at 
eland Engineering Society's 
Cente Section President 
Martin called the 


spec ial 


Cleveland Paint and 


meeting to 


welcome to 


evening 

F. Good- 

a vivid 

tne 

ring tne 

yl industry 

present rate of expansion 
ond speaker, Gerry Cohan 

i p odu ts and ises with 
] 


actual sample He also 


id fab 


Kentuckiana 





Toxicity of Plastics 
R. O. Carhart 


was fe ld 

Dixon Roum. Chris 
Administrator of Publica- 
lest at the 


iefly some 


of the benefits available with mem- 
bership in SPE such as technical 
conferences, both National and Re- 
gional, and publications such as the 
SPE Journal 

Technical speaker of the evening, 
R. A. McCarthy of Monsanto Chem- 
ical Co., gave a talk on “Toxicity 
of Plastics for Packaging Applica- 
tions.” He discussed, among othe: 
function of the Food 
and D» ug Administration concerning 


things, the 


such toxicity, and the procedures 
necessary for obtaining clearance fo. 
materials in food 


use of plastics 


packaging 


North Texas 





High Impact Acrylic 


David A. Daniels 


At the October meeting, Jack B 
technical 
sentative with Rohm and Haas Co., 
spoke on “Implex, the New High 
Impact Acrylic.” Special guest for 
the occasion was Charlie Cates, In- 
dustrial Editor of the Dallas Times 
Herald, who spoke briefly on the 


Spencer, service repre- 


need for a clearing house for more 


factual information about the plas- 
tics industry in Texas and the 


Southwest 


Western New England 





Mold Making 
C. Judd Holt, Jr 


The November meeting was de- 
voted to mold making. Speakers 
were Richard J. Conlon, sales en- 
gineer for Elox Corp. of Michigan, 
and Irwin Lubalin, general manager 
of Shaw Process Development Corp 

Mr. Conlon spoke about Elox 
equipment and showed a film on 
techniques of mold making. M: 
Lubalin discussed the Shaw process 
and demonstrated how a _ typical 
mold is made 

Section President Richard J 
Plichta announced that Arthur W 
Raymond A. Mazu: 
had been nominated for National 
Councilman. Mr 
President of the Section, is incumb- 
ent Councilman. Mr. Mazur is im- 
mediate Past President of the Sec- 


Logozzo and 


Logozzo a Past 


tion 

The annual dinner-dance 
in the Embassy Room of the Shera- 
ton-Kimball Hotel in Springfield, 
December 3. The program included 
a cocktail hour, smorgasbord and 


Was he ld 


dancing. Chairman for the evening 
Duda Theodore I 


Kurowski assisted 


was Edward F 


North Texas Officers gather around as a Texas-style hat is presented to SPE 
National President Ken Gossett on his recent visit to a Board meeting of the 
Section. Left to right are: E.H. Swazey, Section President; R.K. Gossett; W.L. 
McConnell, Chairman of the RETEC Committee; H. Poskey, Section Treasurer; 


and D.A. Daniels, Section Secretary. 
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PN -feolth mm | 1 -j 40 t— CAN SAVE 
Dr. W. Mayo Smith has been named vice president and E 
director of research of Escambia Chemical Corp. He 


has been with the company since it was organized in 


1954, and is now located at Escambia’s recently-opened 


. ; : * 
research center in Wilton, Conn. He is affiliated with with 
the Eastern New England Section of SPE 


Allen E. Polson has been appointed to the newly- 
created position ol director of sales for Thompson Ld 
Chemical Co., Pawtucket, R. I. A chemical enginee 


from the University of Minnesota with further education R p cd Pl ti 
in patent law at Columbia University, Mr. Polson has eprocesse asfics 
devoted his business career to the plastics and syntheti 

polymer industries. He has previously been associated HERE’ r 
with Goodyear Chemical Division’s Plastics Dept., and 4% WHY! 
with Du Pont. He is a member of SPI, Manufacturing 

Chemists Association, American Chemical Society 


SPE’s Cleveland-Akron Section _ * Superior Scrap Classification 
Careful sorting assures consistently 
bai} fine quality. 
* Superior Processing 
Step by step supervision and sampling 
throughout the process. 


¢ Precision Color Matching 


Laboratory technicians give you the right 


color matches every time. 


~ 7 . 
° Technical Help 
a Field experts tackle your special production 
A. E. Polson W. U. Funk problems. 
ities OF. Waid hie theiee annotated gebietiatom Muehlstein offers top prices for distressed 


development engineer for U.S. Industrial Chemi ; ; 
Div.. National Distillers and Chemical Corp. He will | purgings, and all thermoplastic materials. 


inventories of molded parts, 


concerned mainly with de veloping the ise of Pet thens 
, . , . M. é 
in tne fle xible packaging field Mi F InK recelved a . MUEHLSTE/N £2 
Ch 1 Er { Cc | titut 1 60 EAST 42nd STREET, NEW YORK 17, N.Y 
I nemica SNneines n¢ om ast INStiIlule | Ce“ 


ology. Prior business affiliations include Chi: 


Paper and Fibre Co. and Monsanto Chemical Co ins REGIONAL OFFICES: Akron + Boston + Chicago 


a member of the American Institute of Chemica . : 
deans r 7 A por Pal Indianapolis - Los Angeles + Toronto + London 
neers, the echnical Association of the ilp 


Industry, and SPE’s Chicago Section PLANTS AND WAREHOUSES: Akron -+ Boston 
Chicago - Indianapolis +- Jersey City 
J. Joseph Kelly has recently been appoin Los Angeles - Toronto 
narketing for polymer products and | he 
Foster Grant Co., Inc. An affiliate of the Pions 
Section of SPE, M Kelly joins Foster Grant afte 
vears with Pac kage Machinery Co., where he 
ecently vice president in charge of sales 
ce president of sales for the Reed-Prentice Div 


grad iate of Amherst Colle p¢ 
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.+.- leaders 
in accurate, automatic, full- 
range temperature control 


$115 MODEL 6007 


HIGH Temperature 
Dual Oil CIRCULATING UNIT 


The Sterlco Model 6007 was developed to answer the need of 
a temperature control unit which would assure steady, accurate 
high temperature contro! . . . and the Medel 6007 does just 
that. This new Sterlco unit gives hair-line accuracy from 100° F. 
to 500 F. or higher. Its dual 12 KW heaters and circulating 
pumps can be used together or separately. 

Sterico engineers are thoroughly acquainted with the procedures 
and problems in temperature control . . . this valuable experi- 
ence is available to you. Write us today! 


REPRESENTATIVES IN PRINCIPAL CITIES 


INDUSTRIAL CONTROL DIVISION 


STERLING, INC, 


5202 W. Clinton Ave. . Milwaukee 18, Wis. 
Export: Omni Products Corporation, 460 Fourth Ave., New York 16, N. Y. 


GET SET and GO 


Mode! 6012 
Model 6002 Duo! Single 


ABOVE ARE WATER CIRCULATING UNITS 


TEMPERATURE CONTROL UNITS 


LO6 


Alva E. Whitney, Jr., special representative in New 
York for the Chemical Div. of Goodyear Tire and Rub- 
ber Co., has been appointed to the newly created post 
of regional field sales manager for vinyl resins. In his 
new post Mr. Whitney will be responsible for coordinat- 
ing all phases of the Division’s Eastern sales of vinyl 
resins. He will continue to operate from the New York 
office. He is a member of SPE, Newark Section; SPI; 
American Chemical Society; and the New York Rubber 
Group. 


A. E. Whitney E. R. Coddington 

E. Robert Coddington has joined Hartig Extruders, Div., 
Midland-Ross Corp., as Midwest district sales manager. 
He was formerly chief engineer for Johnson Rubber Co., 
and has served other manufacturers in a development 
capacity. He is a member of SPE, Cleveland-Akron 


Section 


Charles E. Henry has been appointed sales representa- 
tive of PVC resins for Diamond Alkali Co. in Ohio, 
Kentucky, Western Indiana and Western Pennsylvania. 
He was formerly associated with Tennessee Products 
and Chemical Corp. in a product development capac- 
ity. He is affiliated with the Cleveland-Akron Section 
of SPE 


Leo Gans has been appointed to the position of assistant 
general manager of Anchor Plastics Co., Inc. Mr. Gans 
is a member of SPE, New York Section. 


Philip I. Johnston, Philadelphia Section, has been as- 
signed to cover the New York-Baltimore area as a PVC 
resin sales promotion representative for Diamond Alkali 
Co. He comes to his new post from W.R. Grace & Co. 


Jack H. Dollinger has been named president of Ferro 
Chemical Corp., Bedford, Ohio, a subsidiary of Ferro 
Corp. of Cleveland. Formerly sales manager of Ferro 
Chemical, Mr. Dollinger has been serving as general 
manager since November 1957. In April 1958, he was 
made vice president and was appointed to the company’s 
board of directors. He holds a B.S. in Chemistry from 
Brooklyn College and a Master of Business Administra- 
tion from New York University. He is a Fellow of the 
American Institute of Chemists and an affiliate of the 
Cleveland-Akron Section of SPE. 


Harry E. Conners was named product manager of paste 
resins for Diamond Alkali Co., Cleveland. A member 
of SPE’s Eastern New England Section, he was formerly 
manager of packaging products for the Finishes Div.., 
Interchemical Corp., Cambridge, Mass. 


es 2 
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PLASTICS AROUND THE WORLD 


* 


UNITED STATES 


MATERIALS IN DESIGN 
ENGINEERING 


September 1958 


Abstracter: Leonard S. Buchoff 


Laminated Plastic Gears—G. J. 
Muller 

Industrial thermosetting laminate 
gears, either molded or machined 
from sheet stock are widely used 
as one of a series of mating gears 
to reduce gear train noise and vibra- 
tion. They are most effective in high 
speed applications involving pitch- 
line velocities of over 600 fpm 
Tables present the properties of gear 
laminates. Formulas and necessary 
data are given for the design of the 
most effective silent gears. 


October 1958 


Abstracter: Leonard S. Buchoff 


Selecting Sleeve Bearing Materials 
—Richard Booser 

A section of this article and tables 
present properties of nylon, sintered 
nylon, Teflon, asbestos-filled Teflon, 
and phenolic laminates pertinent to 
their use as bearing materials. 


Frictional Properties of TFE Fluoro- 
carbon Resins—A. J. G. Allan and 
F. M. Chapman 

The coefficient of friction of Teflon 
is presented in three graphs as a 
function of normal force, sliding 
speed and temperature. The data 
previously appeared contradictory 
because of the failure to take into 
account the effects of varying load- 
ing conditions. A theoretical discus- 
sion of the variation of coefficient of 
friction is given. 
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Vinyl-Metal Laminates—Robert J. 
Fabian 

The most noteworthy characteris- 
tic of vinyl-metal laminates is their 
outstanding appearance. Virtually 
any color and texture may be ob- 
tained. Resistance to chemicals, 
abrasion, moisture and weather is 
excelient. Almost any base metal 
can be used, but steel, aluminum 
and magnesium are the most popu- 
lar. In general, vinyl-metal lami- 
nates can be processed on all stand- 
ard metal forming machines if the 
increased thickness is taken into ac- 
count. Welding of the base steel can 
be accomplished without degrading 
the vinyl coating. 


* 


ASTM BULLETIN 
October 1958 


Abstracter: Walter A. Gammel, Sr. 


Tensile and Compressive Properties 
of Fibreglass as Reinforced Lami- 
nates—Richard E. Chambers and 
Frederick J. McGarry 

The authors, members of the MIT 
Plastics Research Laboratory, des- 
cribe a new technique using integ- 
rally bonded fail resistance strain 
gages to make interior distortion 
measurements through the thickness 
of glass fibre-plastic laminates dur- 
ing tension, compression and flexure. 
Detailed studies established a con- 
sistent correlation between such ac- 
tions and indicate that partial failure 
of the resin during tensile stressing 
takes place both in uniaxial and 
flexural tests. (The article furnishes 
data in the form of two tables and 
nine illustrations.) 

Conclusions that appear valid are: 

1. Partial internal failures of the 
structure take place at stress levels 
that are low compared to the ulti- 
mate strength of the material and 


PLASTISOL HEADQUARTERS 


3 reasons why... 


— World’s largest and most modern facil- 

ities for production of polyvinyl plastisols. 
Big-scale production gives you up to 15,000 lbs. in one batch; 
quality control guarantees stability from batch to batch. 


RESEARC 


—A completely equipped research lab- 
oratory enables us to custom-formulate 


a plastisol to meet strict specifications; often we can recommend 


the right plastisol from among 
formulations already developed. 


CHEM-0-S0 


the hundreds of chem-o-sol 


— More than a coating or molding 
compound, chem-o-sol is a new basic 


material for industry. Applied by dipping, casting, spreading, 
molding, wiping, spraying, or pressure forming, chem-o-sol has 
vastly broadened the ways in which plastisols may be used — to 
make a better product, to cut production time and costs. 

Send for free bulletin, to Dept. T, Chemical Products Corporation, 


East Providence 14, Rhode Island. 


Going Plastisols One Better... chem.-o-sol® 
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PLASTICS 1959 


INTERNATIONAL 
TRADE FAIR 
OF THE 
INDUSTRY 


October 17-25, 1959 
Duesseldorf/West Germany 


For complete information write: NOWEA, Nordwestdeutsche 
Aussiellungs— Gesellschaft m.b.H., Duesseldorf, Ehrenhof 4, 
Telephone: 44041, Cable Address: NOWEA, Duesseldorf 
_—— 

For information in USA: 
German-American Trade Promotion Office 
350 Fifth Avenue, New York 1, N. Y. 
Telephone: Wisconsin 7-0727 





Cast Stellite Cuts Costs 
with 


SHAW 
PROCESS 


These forming dies and man- 
drels for jet engine hollow 
vanes were CAST complete 
with thermal holes 


Untold hours of machining 
of this tough material were 
saved by our customer. 





Write us about YOUR problem 


STANDARD TOOL COMPANY 


214 Hamilton Street, Leominster, Massachusetts 





OMNI PRODUCTS CORPORA TION—Export Distributors, New York, N. Y. 

















progress as the stress level unde 
cyclic loading is increased. 

2. Such failures do not appear to 
occur under compressive stressing 

3. Flexural behavior of glass fiber- 
resin laminatets reflect their tensile 
limitation and appear to be 
trolled by it. 

4. At higher stress levels, stress- 
strain distributions in flexural ele- 
ments depart from those classically 


predicted — hence evaluations of 


con- 


flexural properties are in error when 
using the conventional simple form- 
ulas cited in most testing procedures. 

5. Internal failure mechanism un- 
der tension, therefore, hypothetical- 
ly, is a fracture failure 

6. Process of water immersion 
after stressing may be a profitable 
tool to study effects of resin vari- 


ables 


ELECTRICAL 
MANUFACTURING 


November 1958 


Abstracter: W. A. Kelley 


Plastics in Synchro Housing Design 
and Production—A. S. Weiss 

This article outlines the develop- 
ment of a cast epoxy sync hro hous- 
ing which was designed to eliminate 
the need for working to the close 
tolerances required with metal 
housings. Details of the centrifugal 
casting techniques are given and the 
finishing and assembly operations 
are described. It is pointe 1 out that 
one of the reasons for this succes ful 
application was the proper formula- 
tion of a resin containing suitable 


fillers and modifiers t obtair 


racteristics compatible with the 

ing process as well as 
specifications for the finished | 

uct. The casting process used car 
produce castings with a re p oduc- 


ibility of + 0.001” 


Electronic Materials and Compon- 
ents for Extreme Environmental 
Conditions—A. E. Javitz and P. G 
Jacobs 

Extreme environmental con 
such as temperature in excess 
900°C or nuclear radiation are en- 
countered in electronic systems fo 
supersonic aircraft and_ missiles, 
submarines and certain. military 
ground equipment. The ability of 

‘ 


commercially available materials 


and components to withstand these 
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environments is comprehensively 
surveyed and tabulated in this spec- 
ial 23-page report. Among the plas- 
tics included are polyethylene, poly- 
styrene, polyester film, Teflon, poly- 
vinyl chloride and Kel-F. Specific 


problem areas are analyzed 


* 


ITALY 


POLIPLASTI 
July-August 1958 


Abstracter: Alfred L. Alk 


Mechanical Dynamic Methods Ap- 
plied to the Study of the Mechanical 
and Structural Properties of the 
High Polymers—Enzo Butta 

The usual static methods for meas- 
uring elastic constants of solids are 
based on the direct determination 
of the relationship between an ap- 
plied force and the magnitude of the 
reaction to it. These methods are 
not sufficiently accurate at low 
values nor can they measure changes 
due to mechanical, thermal and 
chemical variables in the environ- 
ment. Dynamic methods allow pre- 
cise measurements of such qualities 
as velocity of propagation of a par- 
ticular type of electrical wave (lon- 
gitudinal, flexional, transverse) and 
internal dissipation of the force be- 
ing studied. The latter is particular- 
ly important in studying the internal 
friction of materials. Transforma- 
tions of mechanical into electrical 
energy can be achieved piezoelec- 
trically, ferromagnetically, electro- 
dynamically, magnetostrictively and 
é lectrostatically The electrostatic 
method has three advantages: It can 
be used at temperatures from the 
lowest obtainable to the melting o1 
decomposition point of the material 
it gives rise only to the slightest 
mechanical forces and_ therefore 
second order effects of elasticity and 
inelasticity can be detected energy 
is not dissipated by friction against 
the supports 

A highly precise, medium fre- 
quency, electrostatic method has 
been developed at the Institute of 
Ultrasonics of the National Council 
of Research in Rome. Equations and 
experimental curves for various 
polymers and phy sical States ol 
polymers are given which explained 
the work done thus far and p ovide 
the basis for comparing this and 


other methods of measurement 


* 7 os 
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ustom 


Built for 
Plastics” 


by west 


TEMPERATURE-CONTROLLERS 


TUBELESS* 


Modei JP Series 
PROPORT Controllers 


This time-proved unit is widely used for closer 
control than the basic On-Off system permits. 
JP anticipates temperature changes, tends to 
stabilize the system to desired temperature, 
makes new harder-to-mold materials a simple 
production job. 





Model JPT Series 
3B-POSITION Proportioning Controliers 


Designed especially for plastic extruding and 
injection molding machines, to control heating 
of barrel or cylinder, and cooling with either 
air or water. Ideal for high-friction materials 
like Rigid Vinyl. Provides Model JP Proportion- 
ing Control of heaters plus automatic'control of 
cooling cycle only in case of overshoot caused 
by heot of friction or temporary shut down. 
Avoids heat-waste and decomposition of plas- 
tic materials. 


Model JS Series Closest practicable con- 
STEPLESS trol, virtually eliminates 
Controliers temperature variable. 

Constantly modulates in- 
put to demand. Prolongs 
heater life by reducing 
thermal shock. No tubes, 
no relays. Multi-load units, 
adjustable control-band 
width, manual reset, Sim- 
plest operation: one knob. 


“Minimum maintenance. No need for “tuning” to 

suit tube-ageing. Reliable — Guaranteed — AND 

these Gardsman Controllers save on original cost! WwW t S TL | AY es wt. 
Specify model series in writing for data. ran 2 ° RATION 


4359B W. Montrose Ave CHICAGO 
incageo ++, SALES OFFICES IN PRINCIPAL CITIES 

















Symbol of the Ultimate in 
Dry Colorants for Every Type 
of Thermoplastic ... and 
Color Paste Dispersions 
Poleyester and Epoxy Resins 
Choice of the Industry’s 


Leaders Who Demand Perfection 


74 South Ave., Fanwood, N.J. Plainfield 5-5555 


Chicago: Warehouse and Sales Office: SHelldrake 3-1119 
SANDUSKY, OHIO: MAin 5-2415 
WORCESTER, MASS.: Pleasant 5-1088 





UP-DATE YOURSELF TECHNICALLY 


with 


SPE PUBLICATIONS 


Get the latest developments from top technical authorities 


RETEC PREPRINT BOOKS 
*® AUTOMOTIVE 


Plastics for the Automotive Industry—Detroit Section, 6 
papers. $2.00, members; $3.50 non-members 


* BUILDING 


Plastic Trends in Building Construction—Southern Cali- 
fornia Section, 12 papers. $3.00, members $4.50, non-members 


*% ELECTRONICS 

Plastics in Electronics—Golden Gate Section, 8 papers. $2.50, 
members; $3.75, non-members. 

Plasti:s for Airborne Electronics—Southern California Sec- 
tion, 10 papers. $3.00, members; $4.50, non-members 


*% EPOXIES 
Epoxy Resin Symposium—Upper Midwest Section, 10 pap 
$3.00, members; $4.50, non-members 


ers 


* INJECTION MOLDING 

Advances in Injection Molding—two books: Chicago Section, 
April 1958, 4 papers, and Philadelphia Section, November 
1958, 6 papers. Either book: $2.00, members; $3.00, non-mem- 


bers 


* PACKAGING 
Plastics in Packaging—Western New England Section, 9 
papers. $3.00, members; $4.50, non-members 


*& POLYETHLENE 
Polyethylene Properties and Uses—Cleveland-Akron Sec- 
tion, 8 papers. $3.00, members; $4.50, non-members 


ANTEC PREPRINT BOOKS 


Vol. IV, 1958, Detroit, 94 papers. $5.00, members; $7.50, non- 
members 
Vol. Ill, 1957, St. Louis, 60 papers. $5.00, members; $7.50, non- 


members 


SPE PLASTICS ENGINEERING SERIES 


Vol. Il—Processing of Thermoplastic Materials, 752 pages 
$14.40, members; $18.00, non-members. Just off press. See 
page 52. 

Vol. 1—Quality Control for Plastics Engineers. $3.98, mem- 
bers; $4.95, non-members 


SPI individual members are entitled to SPE members 
prices under a reciprocal agreement 
Books will be mailed postpaid if money is enclosed. Pleas: 
address orders to 
Society of Plasties Engineers, Inc. 
65 Prospect Street 
Stamford, Conn. 
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Classified Ads 














POSITIONS WANTED 











Export Sales 


Five years experience in foreign sales of extrusion, 
molding, and chemical processing equipment, managing 
all phases including promotion, traffic and financing 
Desire position with plastic processing equipment or 
materials manufacturer. Would accept some domestic 
sales work while developing export sales to full time 
volume. Also experienced in foreign manufacturing 
licensing arrangements. M. S. Chemical Engineering 
Reply Box 659, SPE Journal, 65 Prospect St., Stamford, 
Conn. 


* 


Plastics Product Development Engineer 


B. S. (N. S.) major in chemistry, 14 years’ diversified 
experience as chemist and product development engi- 
neer, materials and processes applications research in 
laminating, bonding, finishing, including tumbling, buf- 
fing, anodizing, electropolishing, chemical polishing 
Also experience in compression and vacuum bag mold- 
ing, foamed plastics, silicones, plastisols, also polyester 
and epoxy potting formulations. Some supervision. Ex- 
perience also in sales, formulation work, manufacturing 
chemist, chemical analysis and physical testing. De- 
tailed resume available. Reply Box 4858, SPE Journal, 


65 Prospect St., Stamford, Conn 


* 


Chief Engineer 


Eighteen years specialized experience in injection 
compression, extrusion and blow molding including 
methods and automation. Seeks position with progres- 
sive company, preferably in New Jersey or Connecticut 
area. Will consider other locations. Presently employed 
as Chief Engineer. Desire position of Chief Engineer o1 
Executive position in Research and Development. Re- 
Reply Box 159, SPE Journal, 65 


ospect St Stamford, Conn 


sume on request 


Dp 


* 


Production Supervisor 


Seven years experience in reinforced plastics 
other diversified fields. Mechanical engineer with va 
background in production scheduling, metheds speci- 
fication, inventory control, testing and inspection, prod- 
uct development and machine shop practice. Desire work 
n small or medium size molding firm within fifty miles 

New York. Detailed resume available Reply 30x 
159, SPE Journal, 65 Prospect St., Stamford, Conn 
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Consultation 


M. Mooney offers consultation on the rheology, vis- 
coelasticity, and general physics of rubbers and plastics. 


44 Melrose Rd., Mountain Lakes, N. J. 
* 


Technical Sales Manager 


Epoxy and thiokol background. Adhesives, coatings, 
sealants, potting, encapsulation, tooling. Market devel- 
opment, technical sales promotion, sales and service 
engineering. Established and directed national sales 
organization. Masters degree. Age 36. Aggressive and 
competent. Reply Box 359, SPE Journal, 65 Prospect 
St., Stamford, Conn. 


* 


Technical Director—Vinyls 


M. S. in Chemistry, successful record of accomplish- 
ment in plastisols and calendered vinyl film and sheet- 
ing. Seeking better opportunity in technical management. 
Willing to relocate for an interesting and challenging 
position. Reply Box 559, SPE Journal, 65 Prospect St., 
Stamford, Conn 





J. HARRY DUBOIS COMPANY 


Plastics and Ceramics Consultants 


ENGINEERING e MANAGEMENT e MARKETING 


BOX 178, MONTCLAIR, WN. J PILGRIM 6-2315 














FOR 8. 











One Watson-Stillman 48-oz., 1949 model. 1,000-tor 
clamp 60-o0z. cylinde: 
One Watson-Stillman 16-0z., 1945 
One Watson-Stillman 16-o0z., 1948 
One DeMattia 12-o0z., vertical clamp, 1948 0 
clamp, 30-in. daylight, 18-in. stroke 
One Lester 8-0z. with 12-0z. cylinder, 1948 
Two HPM 9-oz., 1945 
Two Van Dorn 2-o0z., 1954 
All presses can be seen in operation. Writ 
Automation Equipment and Supply Co. 
512 Empire Building 
Pittsburgh 22, Pennsylvania 
GRant 1-6588 
(Continued on page 112) 


Phone 





Classified Ads 


(continued from page 111) 





POSITIONS OPEN 





Injection Mold Designer 


Attractive molding plant for qualified 


experienced in 


opening in 
enginee, the desig i devel ment 
! ine Gesign and developmen 

high volume production of 


Applicant should 


molds and fixtures fo: 


ylics, nylons and cellulosics 

be a graduate engineer or equivalent with several years 

field. Excellent 

Send resume to 

FORD MOTOR COMPANY 
Salaried Personnel 


Textile and McKean Rds 
Ypsilanti, Michigan 


of experience in this opportunity for 


advancement 


* 


Mold Maker—Plastic 

Must be thoroughly familiar with estimating, design- 
ing and capable of supervising 10-15 man shop including 
apprentice training. For right man this is an opportunity 
to become partner without investment. Location central 
Island. Send experience, 
salary expected. All replies confidential. Reply Box 
299, SPE Journal, 65 Prospect St., Stamford, Conn 


Long complete resume of 





Advertisers’ Index 








OPPORTUNITIES 
FOR 
PLASTICS 
MECHANICAL 
OR 
CHEMICAL ENGINEERS 


Permanent, responsible positions are available 
in the field of plastics applications. Positions in- 
clude the development of procedures, equipment 
and fabrication methods to manufacture products 


from polyolefin materials 
Excellent working conditions, modern facilities, 
retirement and insurance programs, company con- 


tributed savings plan 


Good location in modern, medium-sized, South- 
western community with excellent family recrea- 
tion, religious and educational facilities 

Reply by letter giving age, experience and other 
All applications carefully consid- 
Write: 


qualifications. 

ered and kept strictly confidential 

Personnel Procurement 

Research and Development Department 
PHILLIPS PETROLEUM COMPANY 


Bortlesville, Oklahoma 











Aetna Standard Engineering Co 

Allied Chemical Corp., National Aniline Division 
Allied Chemical Corp., Semet-Solvay Petrochemical Div 
C. W. Brabender Instruments, Inc 

Cadet Chemical Corp 

Celanese Corporation of America 

Chemical Products Corp 

Cumberland Engineering Co Inc 
Davis-Standard, Div., Franklin Research Corp 
Detroit Mold Engineering Co 

Dow Chemical Company 

Eastman Chemical Products, Inc 

Frank W. Egan & Co 

Enjay Company, Inc 


Farrel-Birmingham Co., Inc., Press 


Watson-Stillman 


Division 
Ferro Chemical Corporation 
Franklin Research Corp., Davis-Standard Div 
General Motors Corp., Oldsmobile Division 
Gering Products, Inc 
German-American Trade Promotion Office 
B. F. Goodrich Chemical Co 
Improved Machinery, Inc 
Injection Molders Supply C« 
Monsanto Chemical Co 
Moslo Machinery Co 
H. Muehlstein & Co., Inc. - ee 
National Aniline Division, Allied Chemical Corp 
National Distillers and Chemical Corp., U. S. Industrial 
Chemicals Co., Div. of 95, 
Nixon Nitration Works 
Oldsmobile Division, General Motors Corp 
Package Machinery Co., Reed-Prentice Div 
Charles Pfizer & Co., Inc 
Phillips Chemical Company 
Plastic Materials, Inc 
Plastic Molders Supply Co., Inc 
Prodex Corporation 
Reed-Prentice Div., Package Machinery Co 10, 
Rohm & Haas Company 
Semet-Solvay Petrochemical Div., 
Standard Tool Company 


55, 


Allied Chemical Corp 


Sterling, Inc 

F. J. Stokes Corp 

Union Carbide Plastics Co., Div., Union Carbide Corp. 22, 

U. S. Industrial Chemicals Co., Div., National Distillers 
and Chemical Corp 95, 

Van Dorn Iron Works Co 

Watson-Stillman Press 
Co., Inc 

Westchester Plastics, Inc 

West Instrument Corp 

C. H. Whitlock Associates 


Farrel-Birmingham 


Division, 


oi 
11 
59 
30 
108 
106 
8 
23 
96 
114 


28 
80 
109 
102 





CLASSIFIED RATES 

“Position Open” and “Position Wanted’—Minimum charge 
$7.00; per word: $0.25. SPE members in good standing ore 
entitled to a total of three no-charge “Position Wanted” ad- 
vertisements during any twelve month period 

“Machinery, Equipment, Materials and Services” 
charge: $15.00; per word: $0.50. 

All ads include one bold face caption line. Additional caption 
lines at $2.00 extra per line. Boxed ads (four side rules) $2.60 
additional! charge. 

Last day for inserting ads is the first of the month preceding 
date of publication 


Minimum 
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ANOTHER NEW IMPCO 


Special Purpose Injection Molding Machine 
for Containerlike Molding 


MODEL CA30-75 


@ 30-50 gram capacity ® separate injection and clamp 
hydraulic circuits 


® shock mounted control panel 
® photo electric recycling monitor 


® 30 molding cycles per minute” 

@ shut-off nozzle for pre-pressurized 
molding 

® simplified mold construction @ 75 ton clamp 

® built-in die and platen cooling © 9'A" stroke 
arrangement ® fully automatic 


*dependent on material and mold construction 


IMPROVED MACHINERY INC. 


NASHUA - NEW HAMPSHIRE 





In Canada, Sherbrooke Machineries Limited, Sherbrooke, Quebec 








VAK DORN Presses mold if better 
because- 


. Better material control 


., Close tolerances easier to maintain 
, Lower mold investment 
. Less waste in purging 
Automatic cycling 
Many additional outstanding features of Van 


Dorn Presses are described in literature available 
on request. 





